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RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS
VOLUME I: RESULTS OF SURVEY

SUM14ARY

Current military standards for reliability programs, reliability

predictions and qualification/acceptance testing were written primarily

for electronic equipment where component standardization and the valid

assumption of an exponential failure rate permit their direct applica-
tion. These electronic systems, however, often contain nonelectronic

assemblies that are critical to operational readiness, mission success or
demand for logistic support and maintenance. Examples of such assemblies
include antenna positioning mechanisms, tape and disk drives and printers.

Reliability engineers often include nonelectronic assemblies within
the total electronic equipment when planning a reliability program and
formulating contractual requirements. Typical tasks imposed require a
reliability program in accordance with MIL-STD-785, a reliability

prediction in accordance with MIL-STD-756 and MIL-HDBK-217 and
reliability testing in accordance with MIL-STD-781. The underlying
assumptions and philosophies reflected in these documents may or may not
apply to nonelectronic assemblies. Design practices, analytical

techniques and testing procedures contained in current documents may be
more effective if tailored or modified for application to nonelectronic
equipment.

Application of current standards to nonelectronic designs is
somewhat of a subjective issue and depends upon the type rquipment being
developed, previous applications experience, quantity of equipments to be
produced and many other factors. To help identify these characteristics

and formulate a set of criteria on which to base recommendations, the

Rome Air Development Center (RADC) distributed 409 questionnaires in
December, 1981 throughout the Department of Defense and related
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industries. This survey was designed to identify reliability techniques
and practices currently used for nonelectronic assemblies, equipments and
systems including nonelectronic portions of electronic systems and
totally mechanical systems. A total of 112 completed questionnaires were
returned to RADC.

The next phase of the research program involved the collection and

analysis of effectiveness data for reliability techniques and practices
being used by respondees of the questionnaire. Results of this analysis
were used to evaluate the capability of achieving numerical operational
goals, cost effectiveness of various reliability tasks, statistical
validity of analysis and test results, and the degree of correlation
between reliability predictions and test results and between test. results

and field perfornance.

During this period of evaluating the responses to the survey,

discussions were held with managers of commercial and military
reliability programs and a literature search was performed. Results of
all tasks perfomed as part of the research effort were used to develop
recommendations for meaningful and cost effective reliability program
task requirements to be applied to nonelectronic designs during the
development phase.

The survey of reliability programs for rnonelectronic designs
provided a cross section of procedures and methods for performing such
reliability tasks as program planning, analyses, component derating and
developmental testing. Survey results permitted a correlation of
reliability predictions, test results and field performance. This
correlation of information aided in identifying the most effective
analysis and test methods for achieving numerical reliability goals.
Limited information as to the cost of performing reliability tasks was
obtained from the survey and the cost effectiveness of reliability tasks
could not be quantified.

2
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This report has been prepared in two volumes. Volume 1 summarizes
results of the survey on reliability programs for nonelectronic designs.
A description of the questionnaire is provided and response to the survey

presented in terms of reliability tasks, program requirements, and the
degree of correlation between analysis results, testing data and field

performance. Conclusions reached as a result of the survey and
recommendations for improving reliability programs for nonelectronic

designs are included in Volume 1. Volume 2 of this report is

applications oriented and provides recommended guidelines for the
procuring activity and contractor to consider in specifyin, rrl

performing reliability tasks for nonelectronic designs.
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1. QUESTIONNAIRE

The questionnaire as part of the survey on reliability programs for
nonelectronic designs was distributed to various DoD agencies, industry
and industrial societies. Table 1 provides a summary of the distribution

of and response to the questionnaire.

TABLE 1. RESPONDEES TO THE QUESTIONNAIRE

Recipient Distribution Response

Army 40 12
Navy 52 8
Air Force 49 18
Misc DoD Activities 3 2
NASA/Government Agency 15 4
International Goverment/Agency 7 1
Industry (government contracts) 122 43
Industry (commercial products) 97 16
Industrial Society 13 1
University 11 2
Uni denti fied - 5

lTV

Table 2 provides a summary of the response in terms of equipment
representation. The questionnaire as a part of the survey first
determined the respondee's specific type of equipment for which the
answers to follow would apply. This information provided a relationship
between procedural methods currently being used and the generic types of
equipment represented in the survey response.

The comprehensive questionnaire included 59 questions directed at

reliability engineering tasks constituting a total reliability program.

Several questions were asked about operational goals and requirements of
reliab.lity programs being developed and whether or not MIL-STD-785 was

being used for these programs.

7
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TABLE 2. EQUIPMENT REPRESENTATION IN RESPONSE TO QUESTIONNAIRE

FTquipment type No. of responses

1. Aircraft/Flight Control Systems 16
2. Armored/WI 'eled Vehicles 10
3. Missile/Spacecraft Systems 17
4. Transit Systems 2
5. Construction Equipment 3
6. Engines/Power lants 12
7. Hydraulic/Rock! Engines 6
8. Radar Systems 3
9. Computers/Avi oiL iL/Couunications 6
10. Air Conditioning Systems 8
11. Transmissions/Power Trains/Gear Boxes 12
12. Motor/Generator Sets 9
13. Ground Support Equipment 4
14. Power Plant Generators/Nuclear Power Plant Systems 5
16. Structures 9
16. Home Appliances/Hand Held Mechanisms 3
17. Hydraulic/Pneumatic Components 35
18. Electrical Components 17
19. Sensors/Gyros/Instruments 16
20. Mechanical Components 24

The next series of questions were designed to document the

procedures in use ,or reliability analysis and testing. Of interest were

those methods of analysis for stress margins and derating which may not

yet be in procedural format. MIL-S1D-781 is one possible standardized

testing procedure but its universal application to all types of

nonelectronic assemblies is questionable. Response to this series of

questions helped to establish the necessity and feasibility of

standardizing reliability tasks for nonelectronic equipment.

Other questions in the survey were designed to determine the

respondee's degree of correlation between reliability predictions, test

results and field performance. Questions on parts selection procedures,

application of analysis and test results, and the overall effectiveness

of current standards for nonelectronic equipment applications were

included. The questionnaire as distributed throughout the reliability

engineering community is Included in this volume as Appendix A.

8
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2. ANALYSIS OF SURVEY RESULTS

As a first step to determining the adequacy and cost effectiveness

of applying current reliability standards to nonelectronic designs,
responses to the questionnaire were analyzed by individual question. A

numerical summary of questionnaire responses is included in this volume

as Appendix B. Next, the information was compiled in chart form to

provide an overview of the response on a variety of subjects. This

summary is included as Appendix C. Finally, response to those questions

which could be answered with a yes or no are summarized in terms of

equipment representation in Appendix D.

The second phase of the analysis consisted of a more detailed study

of the response in each of the following elements of a reliability

program for nonelectronic designs:

o Reliability analysis

o Development testing
o Scrbening requirements

o Operational environment
o Reliability program tasks/costs
o Parts/Standardization practices

- 2.1 RELIABILITY ANALYSIS

The Failure Mode, Effects, and Criticality Analysis (FMECA) is

believed by many to be the single most effective procedure to ensure
reliability of a nonelectronic design. The majority of respondees

regularly perform FMECAs and consider this analysis technique to be
highly cost effective. A F1ECA is considered by many to be most

effective in the early development stages for initial screening and

feedback to designers. This analytical procedure is very effective when

used to interface reliability with design groups for early problem

9
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identification and later to help quantify failure modes. Also mentioned

in several responses is the ability of a FMECA to pinpoint safety

critical items. A majority of respondees cite the FMECA as an important

and necessary part of every design effort.

Without a valid failure rate data base to perform an accurate

reliability prediction of nonelectronic equipment, many respondees rely

on the output of an Ft4ECA to identify critical failure modes from which to

perform a detailed reliability prediction. Response to the survey also

identified the following uses for a FMECA.

o Initial screen and feedback at component level

o Identification of catastrophic failure mechanisms

0 Determination of inspection requirements in an overall

Reliability Centered Maintenance (RCM) analysis

o Pinpoint safety critical aspects early in the design stage

o Quantitative evaluation where known problems exist

It was apparent from the survey that FMECAs are performed

extensively even when not required by a contract. Existing procedures

including ARP 926 and MIL-STD-1629 appear to be satisfactory for

nonelectronic designs.

The more detailed stress analysis was identified as expensive but

useful for those development programs involving design risk. Overstress

was identified on several responses as the major source of existing

reliability problems and the stress analysis is apparently very cost

effective as a design evaluation tool. Performing a stress analysis of

-V electronic equipment is a fairly routine procedure and results can be

used directly for a reliability prediction. MIL-HDBK-217 is a data base

of failure rates as a function of stress levels for use in the prediction

effort. Stress analysis for nonelectronic equipment is more of an art

and can not usually be performed without the services of an experienced

10
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stress analyst. Also, results of the stress analysis are not expressed

in terms of failure rate and safety factors must somehow be equated into

prqbabilities of failure occurrence.

A review of response to the questionnaire on reliability programs

for nonelectronic designs indicates that there are few procedural methods

in existence for stress analysis. Response to one of the questions on
methods used for stress analyses was as follows.

Number of responses
Procedure expressing utilization

o Assumed stress ratio 14
o Detailed stress analysis 43
o Both procedures 11

Several respondees stated that their internal mechanical engineering

group performed a stress analysis as needed. These responses are
included in tha above summary but it must be assumed that others did not

respond because they themselves do not perform a stress analysis. Thus,

the preceding table may not reflect all of the stress analyses being

performed by engineering groups.

To assure adequate safety margins, e variety of techniques including

component derating are used. Although many technical reports have been

issued on derating, probabilistic design methods and other design

evaluation techniques, and respondees utilize the methods, relatively few

companies have written procedures. A summary of response to this subject

is as follows:

Number of responses
Procedure expressing utilization

o Stress derating 65
o Probabilistic design 26
o Theoretical stress analysis 35
o Both stress derating & probabilistic design 23

-11
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Reliability predictions appear to be the least effective means of

evaluating nonelectronic designs. Lack of component standardization for

nonelectronic components has prevented the establishment of a usable data
bank of failure rate data. Available data does not reflect actual

operating field conditions, and the environmental and operational factors
upon which predictions depend are not well defined. Section 2.3 will
summarize correlations between analysis results and test/field results as

experienced by respondees.

In those cases where larger corporations have established data banks
for component parts and assemblies of similar types of equipment, failure

rates from internal data banks are being used for reliability predictions.

Estimates of reliability have been found useful for: allocating spares
requirements; evaluating relative merits of design proposals and

performing tradeoffs; establishing maintenance/inspection/replacement

intervals; and determining if numerical requirements can be met, if and

where improvements are necessary and if goals are attainable.

In conclusion, predictions can be effectively applied to nonelec-
tronic programs if corporate field data is available, predictions are

based on similar types of equipment and if performed in conjuction with a

stress analysis.

MIL-STD-756 was generally thought to be unacceptable for

nonelectronic designs. It appears that nonelectronic designs are more

.* sensitive to operation and maintenance error than is the case for
electronic equipment. Responses displayed considerable emphasis on the

human element as one of the chief prediction problems for nonelectronic
designs. MIL-STD-756 does not provide for these concerns,

2,2 DEVELOPMENT TESTING

In some cases respondees reported internal procedures having been
developed for mission requirements Including equipment performance with

12
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environmental profiles and the consideration of operational environment.

Many respondees rely on Test, Analyze And Fix (TAAF) growth testing with

test results used to initiate corrective actions. It Is felt by many
that qualification testing, although too late in the development program

cycle for reliability inputs, is in fact needed to monitor reliability

growth.

Respondees expressed the opinion that test engineers need to have

the freedom to tailor test procedures to the particular characteristics

of each equipment, but not so much that test results can be altered by

inconsistent methods such as the determination of "relevant" and
"non-relevant" failures as used in MIL-STD-781. Such practices may
enable unsatisfactory equipment to pass test requirements.

MIL-STD-781 for the most'part is not appropriate to nonelectronic
designs. A summary of response on the subject is as follows:

Number of
Response responses

0o MIL-STO-781 applicable In its present form 11
o Applicable but improvements needed for nonelectronic

equipment 10
o Not applicable to nonelectronic equipment and new

procedures are required 34

It is generally felt that new procedures should include normal and
Weibull distributions and addod test levels for nonelectronic equipment

where the dominant cause of f4eilure is wear out due to fatigue, abrasion,

material corrosion or other time related factors.

Some of the respondees are of the opinion that reliability tests are
not useful for estimating time-dependent failure rates because of the
extremely long elapsed time necessary to have an acceptable level of

"statistical significance. Life tests are expensive for nonelectronic

equipment because the equipment can not sit on a burn-in rack but must be

mechanically exercised. The multi-modal characteristics of nonelectronic

13
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equipment and the resulting expense for tests cause many respondees to

believe that reliability demonstration test data does not provide

sufficient evidence of reliability growth.

Accelerated testing is not used by many respondees because results

can not correlate the stress of the test with levels of accelerated

Slife. Also, an accelerated test tends to cause failures that would never

occur in normal service. Some respondees indicated that accelerated

testing is used only when normal usage and/or testing fails to

precipitate failures. No detailed accelerated testing procedures could

be detected although the following methods are used to detect age

sensitive materials and other potential problems. Testing techniques are

not necessarily designed to provide failure rate data for predictions or

to use for qualification.

o salt spray

o fatigue life (endurance) determination

o temperature extremes

0 overload
o overspeed
o overtorque

o extended limits

o increased cycle rate tests

o step-stress test to failure

o vibration

Accelerated testing is being used successfully by some when physical

wear characteristics are a detemining factor for component life.
"Results are occasionally translated by "K" factors and used to predict

component life. Accelerated testing appears to be more effective for

small sample sizes and at lower levels of assembly. It is most effective

for those components subject to wear out. Many respondees are of the

opinion that accelerated testing has great potential as a method to

achieve the following:

14



o Detection of dominant failure modes early in the development
program for corrective action

o Shorter qualification test time, thereby lowering the cost of
reliability testing

o Meaningful and effective tests established for equipments which
under nominal conditions have an extremely long life

Several respondees stated that accelerated tests can be highly

effective where applicable: those equipments where the effects of
accelerated factors such as increased load, stress or temperature are

well known and reflect failure conditions and wear out characteristics

experienced in service operation.

2.3 RELIABILITY PREDICTION, TEST AND FIELD RESULTS

Table 3 represents the degree of success in quantitatively
determining field reliability from results of analyses and testing.
Appropriate comments from respondees which express actual experiences are
included.

Table 3 indicates that the degree of correlation between analysis,

test and field results depends upon the data base available, realism of

the tests being conducted, maturity of the system in the field, and
quality of field service reports. Respondees indicated that

modifications are required to environmental test methods to make them
more realistic in terns of actual operation. Operational conditions for

the equipment need to be better defined and incorporated into reliability
programs. In many instances, according to respondees, environmental

factors neglected or poorly defined in the design and development stages
of programs are a major cause of equipment trouble in field use.
Temperature, vibration, contaminants and shock were cited as examples of

the shortcomings. Also expressed was the need to expand the use and

scope of combined environment reliability test (CERT) procedures to
ensure that the combined effects of many environmental stresses acting at
once are not overlooked.

15
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TABLE 3. CORRELATION OF PREDICTION AND TEST RESULTS AND

FIELD PERFOW4ANCE

Number of
Observation observations

o Close correlation between analysts and test results S
if predictions are updated
sufficiently good to aid in locating design,
quality and maintenance problems

- for mature systems

o Close correlation between analysis results and field
performance 12
- actual experience data in comercial airplane

business can be used
- if reliability is evaluated under correct field

conditions
- FRAP program predictions have matched fleet

performance of sampled equipment

o Close correlation between test results and field
performance

i- f stresses and cycles are accurately defined
- if all lab failures (relevant and non-relevant)

are counted
- sufficiently good to aid in locating design, quality

and maintenance problems

o Projected reliability optimistic in comparison to test
results
- optimistic by 2:1

o Analysis results optimistic in comparison to field
performance is

optimistic by 2-5:1
field problems caused by inadequate training of
operator and maintenance personnel
human error

- predictions don't include workmanship or design
deficiencies

L 16



TABLE 3. (Continued) CORRELATION OF PREDICTION AND TEST RESULTS AND
FIELD PERFOWMNCE

Number of
Observation observations

o Analysis results conservative with respect to field
performance 6

after 3 years of aggressive reliability growth
analytical results are exceeded In service by 20-50s
specified environments are not Indicative of actual
field usage

o Field performance better than projected from test results I

o Test results optimistic in comparison to field performance 5
- optimistic by 1.5-4:1
W tests provide an optimistic assessment of

operational experiences

o Poor correlation between analysis and test results 4

o Poor correlation between analysis results and field
performance 10
Sprediction results usually discarded because

methods for reliability analysis are poor
analysis results Inaccurate due to. lack of
meaningful data base
unpredicted failure modes or nonrecogntion ,of
dependence

- questionable prediction techniques
. qualitative aspects of prediction my be more useful

reliability predictions seldom account for
in-service exposure to accidental environment
severity

r oor field data for comparison
ue to sparse data in meager or nonexistent data

banks, predictions are useless

Poor correlation between test results and field
performance 4
Stesting is hardware oriented whereas field

performance is influenced by personnel training,
support equipment, etc.
test environment failed to simulate certain field
conditions
lab tests are worst case and field use reflects
inadequate traini

- definitions of failure not consistent

17
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2.4 SCREENING REQUIREMENTS

A review of the response to this subject question Indicates that

methods to screen nonelectronic equipments are as varied as the

nonelectronic designs themselves. The following list of screening

requirements is based on a priority basis and only one task is allotted

per response. For example, if the respondee indicated that MIL-STD-781

testing and a run-in test on each equipment were both performed at his

facility, only the run-in test is recorded as the preferable method.

Screening requirement Number of responses

o Product stress screening 3
o Run-in test 7
o MIL-STD-781 test
o Sampling qualification test 13
o First article test 1
o Failure data collection and corrective action 14
o General Q.A. provisions 37
o Production inspectioh/test 10
o No response 25

2.5 OPERATIONAL ENVIRONMENT/DUTY CYCLE

Comments from the survey of reliability programs for nonelectronic

designs indicate that the same profiles are used for analyzing and

testing nonelectronic designs as used for electronic designs. Most
respondees (28) derive a best estimate of actual operational environment

and duty cycle while only a few (7) develop special operational and

environmental profiles for the mechanical portions of electronic

equipment. Twenty-nine percent of the respondees either do not develop

operational profiles (21) or use the profile as specified in the contract
(11).

2.6 RELIABILITY PROGRAM TASKS/COSTS

The approach taken to assigning and monitoring reliability tasks for

nonelectronic designs appears to be no different than for electronic

18
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designs. Most reliability programs are established by contract or upon

approval of a reliability program by corporate management. In some

cases, tasks are assigned on a program-by-program basis with costs

proportional to complexity of the analytical job, test procedure or other

anticipated work load. Of the 72 responses to this question, 68% stated
this was normal procedure. Detailed cost data is difficult to obtain and

respondees provided no actual costs to perform the various reliability

tasks.

Another management approach is to include reliability engineering

tasks as an integral part of the design effort and engineering budget.

Reliability related tasks require about 10% of the total engineering

budget for equipment critical to mission success and correspondingly less

for nonessenntial equipment. Nineteen percent of those responding to this

particular question stated 1hat their facilities subscribe to this

integrated management app:r,;ch.

The third group of respondees stated that money for reliability is

appropriated only when there is pressure from a higher authority or when

there are so many problems that money must be spent for reliability

engineering tasks. Eight percent of those responding to this question

indicated that such a condition exists at their facility.

In sumary, no unique methods for assigning program tasks for

nonelectronic designs could be detected.

2.7 PARTS/STANDARDIZATION PRACTICES

Infomation obtained from the survey on tWiis important question was

limited. Only twenty-seven facilities indicated that internal standard

parts catalogues or other programs for parts control are in existence.

Three respondees indicated that MIL-STD-965 was being used.

19
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3. CONCLUSIONS

As a result of the survey on reliability programs for nonelectronic
designs, the following conclusions were derived. These conclusions were

used toward development of the recommended reliability tasks contained in
Volume 2 of this report. They have also been used to formulate
recommendations for improving the effectiveness of reliability standards
and procedures.

o During the conceptual design phase it is desirable to conduct
reliability evaluation tests on critical nonelectronic
components as identified by the FMECA. Details of testing
time, occurrence of wear, noise, etc. should be recorded.

o Care must be exercised In applying MIL-STD-781 to nonelectronic
designs. Qualification tests may be completed prior to
detection of time dependent failure mechanisms.

o For development programs of one-of-a-kind systems, the
contractor will have to test components whenever possible
during the development phase as components become available.
The FMECA can dictate critical failure modes requiring test.

o The procuring activity can not always dictate the testing
program. The contractor must estimate the total test hours for
each component or assembly in his test plan based on past
experience, identified critical failure modes, availability of
components and parts and data requirements to evaluate
reliability.

o Testing procedures for nonelectronic equipment must be designed
to evaluate potential failure modes. Wear rate and other tlime
dependent failure mechanisms must be examined In any endurance
test regardless of the design phase.

o Fatigue tests should be specified in the contractor's test plan
for all parts subject to bending or twisting forces. Fatigue
tests are destructive but can be performed at the part level.

0 o Reliability predictions are not generally applicable to
nonelectronic designs unless based on detailed stress analysis
or similar equipment operated under a similar environment. The
FMECA is the more cost effective approach for nonelectronic
designs. Reliability predictions should not be imposed in a
contract for nonelectronic designs without an FMECA.
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0 Procedures contained in MIL-STD-781 are not generally used for
nonelectronic equipment. Informal TAAF programs are generally
relied upon with emphasis on reliability growth rather than a
precise measure of reliability. Qualification testing may not
be cost effective for nonelectronic equipment. TAAF combined
with results from engineering development tests may provide a
better indication of reliability.

o Bayesian techniques are used to determine test times when only
small sample sizes are available.

o Operational environment is much more critical in the analysis
and testing of nonelectronic equipment than for electronic
equipment because of the more direct interface with operator
and enviroment. Equipment definitions in the analytical
process must be very precise and test plans for nonelectronic
equipment must reflect this sensitivity. Human factors
reliability must be included as part of the nonelectronic
reliability program.

o Unique designs, of nonelectronic equipment prevent typical
run-in times. ESS for production must be determined from
development tests and FMECA results.

o Very little data has been accumulated on the application of
CERT to nonelectronic equipment. Costs of extended test times
to detect wear out plus the large size of some equipments
requires such tests to be performed at the component or part
level.

o Standard derating procedures are not available for
nonelectronic designs. The request for proposal should require
a discussion of derating criteria In conjunction with
requirements for a prediction analysis.
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4. RECOMMNDATIONS

The purpose of the survey on reliability programs for nonelectronic
designs was to determine the adequacy and cost effectiveness of applying

current reliability standards to nonelectronic designs. Although many
portions of current reliability tasks and procedures as contained in

MIL-STD-785, MIL-STD-1629, MIL-STD-781 and other documents can apparently
be used effectively on nonelectronic designs as well as electronic

designs, for which they were specifically written, the concensus of the

respondees to the questionnaire is that sufficient differences exist to

Justify the development of new procedures for nonelectronic designs.

Design review practices, analytical techniques and testing practices

would be more effective if documented to accommodate the unique

characteristics of nonelectronic equipment. The procedures could be

included as part of existing standards and handbooks or as self contained
documents.

Information presently exists which could be made available to a

Sdesigner or analyst for determining the reliability of a nonelectronic

design but the information is widely scattered and there exists a

'I definite lack of standardization in the application of reliability

program tasks and procedures for nonelectronic reliability. A Handbook

of Prediction Methods for Nonelectronic Designs is eequired which

contains charts, sketches, graphs and application examples for predicting
the reliability of impacting devices, sliding-crank mechanisms,

actuators, and other nonelectronic components. Descriptions of the
components for standardization purposes and common failure modes for the

standard nonelectronic components need to be compiled and included in the

Handbook. The recommended Handbook would contain sections on applying

in-house data and considering new technology for reliability analyses.

"The Handbook should contain reliability prediction methods for
nonelectronic equipment similiar to the methods in MIL-HDBK-217 with

predictions based on the rate of occurrence for each component failure

mode. Volume 2 of this report describes the relationship between FMECA,
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stress analysis and prediction procedures and provides guidelines for

identifying failure modes and predicting their rate of occurrence.

Sufficient information is available in technical reports and data banks

to expand these guidelines and develop a prediction methodology for

nonelectronic designs.

Procedures for performing a FMECA, reliability prediction and stress

analysis should be prepared specifically directed to nonelectronic

designs consistent with engineering terms, physics of failure and common
failure modes and included in the recommended Handbook of Prediction

Methods for Nonelectronic Designs. Easy to apply stress analysis and
prediction methods should be prepared as a part of a combined FMECA,

prediction and stress analysis procedure which would establish the basic
ground rules for nonelectronic reliability analysis tasks. Volume 2 of

this report contains guidelines for performing reliability tasks which

were derived from results of the survey. These guidelines should now be
prepared in MIL-HDBK format with examples of the application of the

procedures for specific nonelectronic designs. The completed procedures

to be used by designers of nonelectronic equipment and reliability

analysts would promote standard terminology for nonelectronic parts and
devices, avoid the present duplication of reliability engineering

procedures and increase the cost effectiveness of reliability tasks for

nonelectronic designs.

Results of the survey on reliability programs for nonelectronic

designs indicate that MIL-STD-781 is applicable to electronic systems
which contain relatively few nonelectronic components. However, for
nonelectronic systems and nonelectronic components new testing procedures

are required. New test methods for moving parts need to be developed and

incorporated into a Handbook. The Handbook of Testing Procedures for

Nonelectronic Equipment should contain sections on utilizing analysis
results for designing test procedures and using Bayesian statistical

techniques to minimize testing time. Qualification testing is not always

possible for nonelectronic equipment from a statistical standpoint and
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instructions need to be incorporated in the Handbook on using TAAF

program results to qualify a nonelectronic design.

Several respondees of the questionnaire indicated an application

problem with the differences between the requirements contained in

reliability standards and those contained in supporting Data Item

Descriptions (DIDs). DIDs have been prepared for so many particular

equipments and applications that significant discrepancies now exist in

relation to applicable standards. A joint Industry/Government committee

should compile recommended changes to standards and DIDs. Many DID's can

be deleted or their requirements combined.

:1
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APPENDIX A

QUESTIONNAIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

Check those blocks that indicate the categories of equipment for which you
are responsible or in which you have significant experience, relative to
design and reliability programs. Nonelectronic equipments to which the
responses herein apply include:

I-I A. nonelectronic portions of military electronic systems;
1- B. totally nonelectronic systems designed to military standards, and/or
I-. C. totally nonelectronic systems designed to industry standards.

1. With what types of nonelectronic systems/equipment are you associated?
(Please be as specific as possible).

Systems:_ _ _ _ _ _ _ _ _ _ _ _ _

- .-- Components:_ _ _ _ _ _ _ _ _ _ __ _ _

2. What is your function most closely associated with reliability programs?

-I- Engineering Management I- Field Engineering
1- Product Design Marketing
I-I Reliability Engineering I-I Program Management
t-I Maintainability Engineering I-I Quality Control/Assurance
I-I Analysis I-I Test Engineering
I-I Testing I- Standards
I- Evaluation O- Other

3. Which of the following categories most accurately describes your field
of endeavor?

I-I Manufacturing
-1- Independent testing laboratory
1I Government (Development Procurementl-I Production Procurementl-I

-- anagementi-I Supportl-I Userl-I *Researchl-I T&E-I)
1-- Military (Ariattonl-l randl-I *eal-I SubSeal-I Spicel-I)
- I Ccrporate Research and Development
I- Design Engineering
F-I Software Development
i-I Other
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4. Is MIL-STD-785 used in development programs for nonelectronic equipment
at your facility when not specifically called out in military contracts?
I-Yes I-INo Revision _ Do you utilize Industrial requirementssTmIlar t• MIL-STD-785 or development programs? I-IYes I-INo (If yes,
list by reference number, title, and brief descriptTon)

Comments:

5. How are reliability requirements and goals specified for your
development programs? (Check all that apply)

I1- System level failure rates
I-I Probability of mission accomplishment
I-1 Safety
I11 Other_ _ _ _ _ _ __

6. Which factors are included in the derivation of reliability requirements
and goals? (Check all that apply)

I-1 Operational environment
1-I Type of performance or acceptance testing to be satisfied
!-1 Maintainability requirements
1I Factors dictated by reliability prediction methods to be used

- ,-. Development budgets allocated to reliability
1 IIProduction processes
•-I Cost restraints
-I_ Other

Comments:

7. How are reliability program requirements Incorporated in the design
phase of your development program? (Check all that apply)

I As a separate discipline monitoring the design engineers' efforts
-I Integrated with manitainability design

i I As an integral part of the design team effort
t • I-h By contractual requirement

--1 As a result of design analysis
-!h Integrated with system level goals
•I- Other___

Comments:
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B. Reliability values are apportioned to the:

.- I System level (aircraft, radar, etc.)
I-I Equipment level (communications receiver, computer, etc.)
I-I Unit (hydraulic actuator, motor, etc.)
I-I Component (seals, shafts, linkage, etc.)

Comments:

9. What method is used at your facility to ensure that requirements are
met? (Check all that apply)

I-I Must meet specific numerical requirements or is not accepted
1-I Penalty for reduced reliability (Lower price or loss of fee)
I-I RIW (Manufacturer must fix it if it falls under warranty)
-- I Incentives (Added fee or other compensation for exceeding stated
- reliability requirements):1Qualification Tests

Reliability Growth monitoring

Comments:_

10. Does your reliability program distinguish between reliabilit as it
affects the mission and as it affects logistics support? IjVYes I-INo
What analytical methods/techniques or models are used?

Comments:

11. In your opinion, Is MIL-STD-785 applicable to development programs
involving nonelectronic equipment? F-IYes I-INo. Can its application
be cost effective In establishing a 6eliabiliTy program for
nonelectronic equipment? I:.Yes I-INo. (Check all that apply)

4: • Comments:
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12. What is your opinion as to the cost effectiveness of applying the
following methods for nonelectronic design analysis? Please comment in
terms of system and component levels, specific types of equipment, etc.

Reliability Prediction________________________

* ~~~~~Stress Analysis ____________________________

Qualification Testing Analysis_____________________

Accelerated Testing Analysis______________________

Reliability Growth

Other__________________________________
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13. Please list the Industrial, governmental or internal procedures or
methods which your facility actually uses for reliability analysis of
nonelectronic designs.

MIL-STD-1629 ,,

I-I ARP 926
I-I Nonelectronic Reliability Notebook
--1 Assumed stress ratios

Detailed stress analysis
I-I Other____

Comments: ____-

14. Who In your facility normally performs reliability analyses of

nonelectronic equipment?

Department Analyst's functional title

I-I Mechanical Design Engineering
IFI Electrical Design Engineering . .......

Reliability Design Engineering '_ _ _ _I:I Quality Assurance
II Other_ _ _ _ _.....

15. What Is the lowest equipment level at which you perform a reliability
analysis? Use A-system, B-component, C-part

Reliability prediction

FMEA

Apportionment

Stress analysis

Other

.4. 4 Comments:

31

.. .-.. ..... 4.I ,-., - -......t . ....- A...,



16. Are the results of reliability analyses actually used for any of the
following functions or activities at your facility? Please remember
that this i s not a theoretical text book question and your response
should be based upon your personal experience.

!-I design reviews
1- spare parts listings
I- maintenance plans
11- design program decisions
.I- cost trade-off decisions
I-I test planning
rI- reliab1iity growth
!- other

17. Please comment on any experience you may have regarding the degree of
correlation between analysis results and actual field performance.

18. Do you perform Failure Mode and Effects Analyses (FMEA) on nonelectronic
equipment? I-IYes I-INo If yes, are they performed: (Check all
that apply) -

as part of every design/development effort
in event of unexpected catastrophic failures

SI- only when reliability is determined to be below contract
-1 - requirements

1I only if required under the contract
iFl in accordance with MIL-STD-1629
1*!I n accordance with ARP 926
iI- in accordance with other requirements

Comments:
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19. Which of the following approaches to conducting an FMEA apply to your

analyses? (Check all that apply)

I-I bottom up
I-I top down
I-! hardware
II functional
I- .mission oriented
I-I safety oriented
-I maintenance oriented

I-I quantitative criticality
I_1 qualitative criticality

Comments:

20. Do you use reliability/maintainability predictions as an input to
determine any of the following? Check one or more:

I-I Life Cycle Costs1:1 Acquisition Costs
Logistic Support Costs
Development Costs

1-I Spares Requirements

21. What sources of data do you use to predict reliability?

I-I MIL-HDBK-217 1- AF-66 Data
1- RADC Nonelectronic I- GIDEP t

Reliability Notebook MIL-HDBK-5
I'-I 3-M Data other

Comments on application, validity or usefulness of these sources:
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22. Do you use reliability predictions as a means of determining whether
design objectives for nonelectronic systems have been achieved? I-IYes
I-INo If yes, what method/procedure is used?

23. Please comment on any experience you may have regarding the degree of
correlation between reliability predictions and test results.

24. Do you include effects of overhaul or maintenance actions in your
reliability predictions? I-IYes IClNo

Comments:

25. Is MIL-STD-756 a satisfactory tool for performing reliability
predictions for nonelectronic equipment? o-1Yes I-INo

Comments: .... ...

26. What analytical techniques do you use to perform a stress analysis? At
what equipment level?

27. Do you use MIL-HDBK-5 to assess reliability? I-"Yes IINo Is
MIL-HDBK-5 a satisfactory tool for determining properties and
characteristics of materials for reliability evaluation purposes?
I-lYes I-INo What other data sources do you use?
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28. Describe briefly the procedures you use to assure adequate safetymargins.

I1theoretical stress analysis

1i Ipiece part testing data
1 System qualification testing
!h probabilistic design methods
- stress derating
_ other

Description

29. Is planned reliability growth included in your reliability programs?
F-es I-I How are growth requirements specified and measured?

30. How are test results incorporated Into your revised growth projection?

31. What methods do you use to ensure that inherent design reliability Is
preserved during production?

32. Do you have any internal parts selection procedures for nonelectronic
components? IIJYes I-No

Describe:

36

S- ~ ''' fkai~.,I; I.SjhqlU~bL~I & 1 ~ ~.I"."1011 - I



33. Do you develop individual operational and/or environmental profiles
prior to testing nonelectronic equipments? I-_Yes I-INo If yes,
describe procedures used.

34. Do you use MIL-STD-781 for testing nonelectronic equipment?
I-I Yes I:INo

I-I Revision a
I-I Revision C

35. Do you use commercial procedures which are similar to MIL-STD-781 for
testing nonelectronic designs? I-IYes IIJNo If yes, describe by
number, title and contents:

36. With that type of wear out characteristics are you concerned during
reliability testing?

37. What method do you use to adjust the reliability established from
laboratory test results in estimating operational reliability?

38. How are accept/reject criteria established for reliability tests?

39. Do our testing procedures assume a constant failure rate distribution?

I-AYes I-INo If no, what distribution do you apply to testing
proceduresT
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40. Do you believe. MIL-STP-781 is appropriate for testing nonelectronic
equipment? I-IYes IINo If yes, provide one or two equipment
examples for each category to which you feel MIL-STD-781 applies.
Answer based on I-jRev t, I~jRev C, I-IBoth

I:I system level_ _ _ _ _ _ _ ___ _

i-_ component level____________ ______

41. Could MIL-STD-781 be improved to make it more applicable to
nonelectronic equipment testing or should new procedures be developed?

Improvement Required
New Procedures Required

I-I No Improvement or New Procedures Required

Suggestions for improvements/new procedures: ......... ...

42. What method(s) do you use to determine sample size and test time or
number of test cycles when only small sample sizes are available?

43. What method do you use to establish risk factors resulting from
truncated tests?

44. Please comment on any experience you may have regarding the degree of
correlation between reliability testing and field performance results.
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45. Indicate the tests most effective at your facility for verifyingnonelectronic equipments. (Check all that apply)

Level of Application

Type System C2monent Materials

Vibration I- I. -_
-I1 Temperature I I

Humidity I.
-I Shock

Salt Spray I I I
1Step Stress

1 Constant Stress I.R
1I Progressive Stress CI
I-I Environmental

SScreening Tests I
11 Corrosion 1

-I Production Processes I- il -I
46. Please describe how reliability tests for nonelectronic equipment are

normally performed at your facility.

I-I For a specified period of time
I- Until a predetermined number of events/cycles are completed
-I Until a predetermined number of failures have occurredS11 Until catastrophic failure occurt

I-I Recurring until all major failure modes are identified

Comments'

47. Do you use accelerated testing methods to determine performance/
reliability? I-JYes I-INo

Procedures used:

48. How do you evaluate test results in establishing quantitative
rel iabi ity?

49. How do you analyze the validity of your assumed failure rate

distribution and its effects on test results?
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50. Please rate the following Standards, Specifications and Handbooks on the

basis of effectiveness in achieving and demonstrating reliability for
nonelectronic equipment. Check the appropriate column to show whether
the listing is applicable to the system or component levels or to both
and then Its degree of effectiveness.

DOCUMENT ID TITLE/SUBJECT APPLICATION EFFECTIVENESS

Sys./Comp/Both Exc./Good/Poor

FED-STD-151B Metals: Test Methods I I I I I I -I

MIL-STD-105D Sampling Procedures and 1 11 1 i1i . :
Tables for Inspection by
Attributes

MIL-STD-210D Climatic Extremes for 1 11 1 I I 1-
Military Equipment

MIL-STD-454G Standard General Require- I I -I 1 1- 1
ments for Electronic Equip-
ment

MIL-STD-470 Maintainability Program I II I I - --
Requirements (for Systems -
an Equipments)

MIL-STD-471A Maintainability/Verification g 1- I -r r I
Demonstration/Evaluation

MIL-STD-721B Definition of Effectiveness I I I I -- I 1
Terns for Reliability,
Maintainability, Human
Factors and Safety

MIL-STD-756A Reliability Prediction I 1 1-i I--l I- I

MIL-STD-757 Reliability Evaluation from I- I I- 1I -
Demonstration Data
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DOCUMENT ID TITLE/SUBJECT APPLICATION EFFECTIVENESS

'Sys./Comp/Both Exc./Good/Poor

MIL-STD-781B Reliability Tests Exponen- 1 1 1 1 Ii II
tial Distribution

MIL-STD-781C Reliability Tests Exponen- I- .I I-I• II
tial Distribution ----

MIL-STD-785B Reliability Program for I -I I 1 1 11
Systems and EquipMont
Development and Production

MIL-STD-882A System Safety Program for I 1 1 __ " 1
Systems and Equipment;
Requirements for;

MIL-STD-810C Environmental Test Methods 1 1 1 1 __ _ 1

MIL-STD-965 Parts Control Program -I 1 1 I-'r--I

NIL-STD-1304A(AS) Reliability Reports 111 -I I -- "II

MIL-STD-1312 Fasteners, Test Methods 1 1 1, 1.. I

MIL-STD-1378B Requirements for Employing I---- - I--I -I
Standard Hardware Program --

Modules

"MIL-STD-1388 Logistic Support Analysis I--- I -I

"MIL-STD-14728 Human Engineering Design 1 1 1 1 - 1.1
Criteria for Military - -i

Systems, Equipment and
Facilities
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Ai
DOCUMENT ID TITLE/SUBJECT APPLICATION EFFECTIVENESS

Sys./Comp/Both Exc./Good/Poor

MIL-STD-1535A Supplier Quality Assurance I 1 I1 I 1 1 I
Program Requirements

MIL-STD-1543 Reliability Program Require- I - -1 !-1 "I
ments for Space and Missile
Systems

MIL-STD-2068(AS) Reliability Development I• I- 1- 1I - "
Tests

MIL-STD-2070(AS) Procedures for Ferforming 1 11 - I 1 1a Failure Mode, Effects and
Criticality Analysis for
Aeronautical Equipment

MIL-STD-2074(AS) Failure Classification for I 11 1 1 1 1 1
Reliability Testing

MIL-HDBK-5C Metallic Materials and " '-- ---.
Elements for Aerospare
Vehicles

H-50 Evaluation of Contractors I II -I I-1- 1- 1
Quality Orogram

H-51 Evaluation of Contractors I -- - - 1 1
Inspection System

H-53 Guide for Sampling Inspec- I--- I 1 1 1
tion

H-106 Multi-Level Continuous I. I-I- - - -°
Sampling Procedures and
Tasks for Inspection by
Attributes
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DOCUMENT ID TITLE/SUBJECT APPLICATION EFFECTIVENESS

Sys./Comp/Both Exc./Good/Poor

H-107 Single-Level Continuous I l 1 I _- -- I
Sampling Procedures and
Tables for Inspection by
Attributes

H-l08 Sampling Procedures and I ' - I I 1 -I
Tables for Life and Relia- - -
bility Testing (Based on
Exponential Distribution)

H-109 Statistical Procedures for I I 1 I I 1 1 1
Determining Validity of
Suppliers' Attributes
Inspection

MIL-HDBK-217C Reliability Prediction of "1 -- 1I-1
Electronic Equipment 

--"

MIL-HDBK-251 Reliability/Design, Thermal 1 I II I I
Applications

MIL-HDBK-472 Maintainability Prediction 1 1 1 1 1 1 -1

MIL-Q-9858A Quality Program Requirements I I I I I 1 1I

NAT-STD-3618 Environmental Test Methods -- 'I 1 I-I
for Aircraft Equipment and "-
Associated Ground Equipment

MIL-E-5272C Environmental Testing, 1 1 "- i" - 1
Aeronautical and Associated . -

Equipment, General Speci-
fication for

MIL-H-46855B Human Engineering Require- 1 1 1 1 LI1 1
ments for Military Systems,
Equipment and Facilities
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DOCUMENT ID TITLE/SUBJECT APPLICATION EFFECTIVENESS

Sys./Comp/Both Exc./Good/Poor

NAT-STD-4108 NATO Inspection and Qualty Ity -1-I- l 1- 1- 11
Control Requirements for --
Industry; AQAP-1, AQAP-4,
AQAP-9

MIL-P-11268K Parts, Materials and I -- _ I---
Processes Used in Electronic
Equipment

MIL-R-22732C Reliability Requirements for 1 1 1
Shipboard Electronic Equip-
ment

MIL-T-6422F Testing, Environmental, Air- -'1 1 1 1 --
craft Electronic Equipment - --

ATSN-E6 Definitions of Teons 111 I -I 1 1
Relating to Methods of
Mechanical Testing

ARP 926A Fault/Failure Analysis _-_- I I I•I

NAVAIR-Ol-lA-32 Reliability Engineering I -1 1
Handbook - -

NAVAIR-Ol-lA-33 Maintainability Engineering -I -- 1 _- -
Handbook --

RDH-376 Reliability Design Handbook 1-1- 1-1-
published by the Reliability - - - -

Analysis Center (lIT Research
Institute)

AD/A-005-657 Nonelectronic Reliability -1- 1-1 I _I -
Notebook (US Dept. of
Commerce for Rome Air
Development Center)
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51. How are costs for reliability programs allocated, budgeted and monitored
at your facility?

52. Have any of your government contracts specified a requirement for
inclusion of a reliability centered maintenance (RCM) program? I:IYIe
O-INO

Example contract:__ _ __ _ __ _ __ _ __ _

53. Do government directives (Data Item Descriptions, instructions, etc.)
add to the effectiveness of contractual reliability and maintainability
requirements? YesI-I Nol-n

Comments:_______________________________

54. Is there a significant lack of standardization in the nonelectronic
product world in ppllcat•on of terms, specifications or qualified
product lists? IlYes IijNo

If yes, what efforts are currently underway or should be initiated to
solve this problem?

55. Should there be separate reliability specifications/standards for large
equipments (flight control systems, howitzers, computers) as compared to
smaller, more easily tested equipments (motors, printers, actuators)?
I-:Yes j*I~o

Comments:
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56. To your knowledge, are any of the engineering professional societies
currently engaged in a productive effort to develop or upgrade stardards
or specifications that will have an effect on reliabillty/maintainability
of nonelectronic equipment? I_-Yes I-lNo

If yes, identify the society/organization and the particulars of their
projects.

57. Does the added requirement of rulgedizatlon for certain military
equipment affect reliability? I ]Yes I-INo If yes, explain, including
the effect of ruggedization on sTze and weight.

58. Is sufficient information available to perform reliability analysis for
nonelectronic design? If not, do you think a Handbook is possible which
could provide procedures, guidance and material information?

59. Additional comments which will help us to determine the adequacy and
cost effectiveness of applying current reliability specifications to
nonelectronic equipment.

NAME:

COMPANY/AGENCY:

MAILING ADDRESS:

TELEPHONE NUMBER:
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APPENDIX B
NUMERICAL SUMMARY OF QUESTIONNAIRE RESPONSES

Introduction:

Nonelectronic equipments to which the responses herein apply
include:

69 (62%) indicated nonelectronic portions of mllitary

electronic systems

51 (46%) indicated totally nonelectronic systems designed to

military standards
32 (29%) Indicated totally nonelectronic systems designed to

industry standards

10 ( 9%) did not respond

Questions:

1. With what types of nonelectronic equipment are you associated?
112 responded to the question (100%).

2. What is your function most closely associated with reliability

programs?

Engineering Management 26 (23%)

Product Design 6 ( 5%)

Reliability Engineering 78 (70%)

Maintainability Engineering 36 (32%)

4 Analysis 20 (18%)

Testing 21 (19%)

Evaluation 24 (21%)

Field Engineering 2 (2%)

Marketing 2 (2%)
"Program Management 6 (5%)

Quality Control/Assurance 15 (13%)

Test Engineering 5 (4%)

Standards 6 (5%)

Other 7 (6%)
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3. Which of the following categories most accurately describes your field
of endeavor?

Manufacturing 17 (15%)

Independent Testing Laboratory 1 (I1)

Government 50 (45%)

Military 31 (28%)

Corporate Research and Development 10 (9%)

Design Engineering 34 (30%)

Software Development 4 (4%)

Other 11 (10%)

4a. Is MIL-STD-785 used in development programs for nonelectronic equipment
at your facility when not specifically called out In military contracts?

Yes 40 (36%)

No 49 (44%)
No response 23 (21%)

4b. Do you utilize industrial requirements similar to MIL-STD-785 for
development programs?

Yes 17 (15%)

No 46 (40%)
No response 50 (46%)

5. How are reliability requirements and goals specified for your
development programs? (Check all that apply)

System level failure rates 90 (80%)
Probability of mission accomplisliment 73 (65%)

Safety 45 (40%)

Other 35 (31%)
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6. Which factors are included in the derivation of reliability
requirements and goals? (Check a&l that apply)

Operational environment 101 (90%)
Type of performance or acceptance

testing to be satisfied 66 (591)
Ma ntainabili ty requirements 71 (63%)
Factors dictated by reliability

methods to be used 40 (361)
Development budgets allocated to

reliability 32 (291)
Production processes 17 (15%)
Cost restraints 35 (31%)

Other 21 (191)

No response 3 (3%)

7, How are reliability program requirements incorporated in the design

phase of your development program? (Check all that apply)

As a separate discipline monitoring

the design engineer's efforts 59 (53%)

Integrated with maintainability design 45 (40%)

As an integral part of the design

team effort 64 (57%)
By contractual requirement 69 (62%)

As a result of design analysis 40 (361)
Integrated with system level goals 55 (491)
Other 10 (91)

No response 7 (6%)

8. Reliability values are apportioned to the:

System level 53 (47%)
Equipment level 67 (601)

Unit 67 (611)
Component 23 (211)
No response 9 (81)
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9. What method is used at your facility to ensure that requirements are
met? (Check all that apply)

Must meet specific numerical require-

ments or is not accepted 55 (49%)

Penalty for reduced reliability (lower

price or loss of fee) 10 (9%)
RIW (Manufacturer must fix it if it

fails under warranty) 28 (25%)

Incentives (Added fee or other compen-

sation for exceeding stated

reliability requirements) 28 (25%)

Qualification tests 78 (70%)
Reliability growth monitoring 61 (54%)

No response 7 (6%)

10. Does your reliability program distinguish between reliability as it
affects the mission and as it affects logistics support?

Yes 70 (63%)

No 33 (29%)

No response 9 (8%)

Ila. In your opinion, is MIL-STD-785 applicable to development programs

involving nonelectronic equipment?

Yes 73 (65%)

No 13 (12%)

No response 26 (23%)

1lb. Can its application be cost effective in establishing a reliability

program for nonelectronic equipment?

Yes 70 (63%)

No 12 (11%)

No response 30 (27%)
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12. What its your opinion as to the cost effectiveness of applying the
following methods for nonelectronic design analysis?

FMEA - Cost effective 87 (78%)

Reliability Prediction - Cost effective 64 (57%)

Stress Analysis - Cost effective 76 (68%)

Qualification Testing Analysis -
Cost effective 74 (66%)

Accelerated Testing Analysis - Cost

effective 52 (46%)
Reliability Growth - Cost effective 49 (44%)
No response 8 (7n)

13. Please list the industrial, governmental or internal procedures or
methods which your facility actually uses for reliability analysis of
nonelectronic designs.

MIL.STD-756 35 (31%)
MIL-STD-1629 29 (26%)

ARP 926 8 (7%)
Nonelectronic Reliability Notebook 48 (43%)

Assumed stress ratios 17 (15%)
Detailed stress analysis 51 (46%)

Other 35 (31%)

No response 12 (11%)

14. Who In your facility normally performs reliability analyses of

nonelectronic equipment?

Mechanical Design Engineering 28 (26%)
Electrical Design Engineering 5 (4%)
Reliability Design Engineering 67 (60%)

Quality Assurance 14 (13%)
Other 18 (16%)
No response 16 (13%)
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I
15. What is the lowest equipment level at which you perform a reliability

analysis? Use A a system, B a component, C - part

Reliability prediction A 7 (6%)
B 34 (30%)
C 53 (47%)

No response 5 C4%)

FNEA A 8 (7%)
B 36 (32%)
C 41 (37%)

No response 14 (13%)

Apportionment A 7 (6%)
a 52 (46%)
C 18 (16%)

No response 22 (20%)

Stress analysis A 1 ( 1%)
B 10 (9%)
C 68 (61%)

No response 20 (18%)

No response 13 (12%)

16. Are the results of reliability analyses actually used for any of the
following functions or activities at your facility? Please remember
that this is not a theoretical text book question and your response
should be based upon your personal experience.

Design review 89 (79%)

Spare parts listings 51 (46%)

Maintenance plans 58 (52%)

Design program decisions 68 (61%)

Cost trade-off decisions 61 (54%)

Test planning 59 (53%)

Reliability growth 53 (47%)

Other 20 (18%)

No response 7 (6%)

17. Please comment on any experience you may have regarding the degree of

corre'lation between analysis results and actual field performance.

Good 31 (28%)
Poor 20 (18%)

Conservative 7 (6%)
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Optimistic 9 (8%)

No response/not'applicable 45 (40%)

18a. Do you perform Failure Mode and Effects Analyses (FMEA) on nonelectronic 2

equipment?

Yes 82 (73%)

No 23 (21%)

No response 7 (6%)

l8b. If yes, are they performed: (Check all that apply)

as part of every design/development

effort 45 (40%)

in event of unexpected catastrophic

failures 24 (21%)

only when reliability is determined to

be below contract requirements 3 (3%)
in accordance with MIL-STD-1629 29 (26%)

in accordance with ARP 926 10 (9%)
inr accordance with other requirements 24 (21%)

no response 30 (27%)

19. Which of the folluwing approaches to conducting an FMEA apply to your

analyses? (Check all that apply)

bottom up 52 (46%)

top down 58 (52%)

hardware 57 (51%)

functional 70 (63%)

mission oriented 65 (68%)

safety oriented 51 (46%)

maintenance oriented 26 (23%)

quantitative critically 37 (33%)

qualitative critically 49 (44%)

no response 21 (19%)
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20. Do you use reliability/maintainability predictions as an Input to
determine any of the following? Check one or m)ore:

Life Cycle Costs 61 (54%)

Acquisition Costs 17 (15%)

Logistic Support Costs 65 (58%)
Development Costs 17 (15%)

Spares Requirements 76 (68%)

No response 23 (21%)

21. What sources of data do you use to predict reliability?

MIL-HDBK-217 77 (69%)

RADC Nonelectronic Reliability Notebook 66 (59%)
3-M Data 23 (21%)

AF-66 Data 17 (15%)

GIDEP 49 (44%)

MNL-HDBK-5 11 (10%)

Other 64 (57%)

No response 6 (5%)

22. Do you use reliability predictions as a means of detemining whether

design objectives for nonelectronic systems have been achieved?

Yes 54 (48%)

No 44 (39%)

No response 14 (13%)

23. Please comment on any experience you may have regarding the degree of

correlation between reliability predictions and test results.

Good 8 (7%)
Poor 3 (3%)
Conservative 24 (21%)

Optimistic 24 (21%)

No response 53 (47%)
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24. Do you include effects of overhaul or maintenance actions in your

reliability predictions?

Yes 50 (45%)
No 46 (41%)
No response 16 (14%)

25. Is MIL-STD-756 a satisfactory tool for performing reliability

predictions for nonelectronic equipment?

Yes 31 (28%)
No 40 (36%)
No response 41 (37%)

26. What analytical techniques do you use to perform a stress analysis?

MIL-STD-217 procedures 4 (4%)
Probabilistic Stress/Strength 7 (6%)
Conventional Engineeri ng/Nechanlcal

Stress/Strength 18 (16%)
Computer Aided 5 (4%)
KASTRAN/Finite Element 10 (9%)
No response/not 3pplicable 68 (61%)

27a. Do you use MIL-HDBK-5 to assess reliability?

Yes 11 (10%)

No 25 (22%)
No response 76 (68%)

27b. Is MIL-HDBK-5 a satisfactory tool for determining properties and

characteristics of materials for reliability evaluation purposes?

Yes 13 (12%)

No 14 (13%)

No response 85 (76%)
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* 28. Describe briefly the procedures you use to assure adequate safety

margins.

theoretital stress analysis 56 (50%)
piece part testing data 43 (385)
system qualification testing 565 (491)
probabilistic design methods 32 (291)
"stress derating 69 (62%)
other 15 (131)
no response 20 (181)

29. Is planned reliability growth included in your reliabilIty programs?

Yes 58 (521)
No 38 (341)
No response 16 (141)

30. How are test results incorporated into your revised growth projection?

Update old growth projection 17 (151)
Corrective action/TAAF 5 (4%)
Graphically tailored in each case 5 (41)
Duane plot 6 (5%)
Not perfomed 7 (6%)
No response 72 (641)

31. What methods do you use to ensure that in:ierent design reliability is

preserved during production?

None 3 (3%)
Basic quality control methods 50 (456)
Sample testing 37 (33%)
Process inspection 19 (17•1
No response/not applicable 24 (21%)
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32. Do you have any internal parts selection procedures for nonelectronic

components?

Yes 56 (50%)

No 30 (27%)
No response 26 (23%)

33. Do you develop Individual operational and/or environmental profiles

prior to testing nonelectronic equipments?

Yes 70 (63%)

No 26 (23%)

No response 16 (14%)

34. Do you use MIL-STD-781 for testing nonelectronic equipment?

Yes 43 (38%)

No 48 (43%)
No response 21 (19%)

35. Do you use commercial procedures which are similar to MIL-STD-781 for
testing nonelectronic designs?

Yes 11 (10%)

No 62 (55,)

No response 39 (35%)

36. With what type of wear out characteristics are you concerned during

reliability testing?

Fatigue 31 (28%)
Corrosion 12 (11%)
Lubrication breakdown, contamination

and leakage 14 (13%)

Out of specified 'limits 5 (4%)

Abrasion/Wear 7 (6%)

Storage 4 (4%)

None 8 (7%)

No response 51 (46%)
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37. What method do you use to adjust the reliability established from
laboratory test results in estimating operational reliability?

Derating factors 23 (21%)

Judgement/past experience 11 (10%)

Not performed 20 (18%)

No response 61 (54%)

38. How are accept/reject criteria established for reliability tests?

Contractually specified 16 (14%)
Past experience 10 (9%)

MIL-STD-781 procedures 23 (21%)

Tailored for each program 21 (19%)

No response/not applicable 42 (38%)

39. Do your testing procedures assume a constant failure rate distribution?

Yes 67 (60%)
No 23 (21%)

No response 22 (19%)

40. Do you believe MIL-STD-781 is appropriate for testing nonelectronic
equipment?

Yes 21 (19%)

No 44 (39%)
No response 47 (42%)

41. Could MIL-STD-781 be improved to make it more applicable to

nonelectronic equipment testing or should new procedures be developed?

Improvement Required 24 (21%)

New Procedures Required 43 (38%)

No Improvement or New Procedures

Required 5 (4%)

No response 49 (44%)
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42. What method(s) do you use to detemine sample Size and test time or

number of test cycles when only small sample sizes ire available?

Economic considerations 28 (26%)
Contract requirements 10 (9%)
MIL-STD-781 procedures 5 (4%)

Statistical (Blo, Chi-square,
Poisson, etc.) 18 (16%)

Bayesian techniques 3 (3%)

No response/not applicable 49 (44%)

43. What method do you use to establish risk factors resulting from

truncated tests?

General statistical techniques 17 (15%)

MIL-STD-781 procedures 7 (6%)
Engineering Judgement 6 (5%)
Not performed 5 (4%)

No response/not applicable 77 (69%)

44. Please comment on any experience you may have regarding the degree of
correlation between reliability testing and field performance results.

It

Good 22 (20%)
Poor 14 (13%)

Conservative 5 (4%)
Optimistic 4 (4%)

No response/not applicable 67 160%)

* 45. Indicate the tests most effective at your facility for verifying

nonelectronic equipments. (Check all that apply)

* Vibration 81 (72%)

Temperature 80 (71%)

Humidity 62 (55%)

Shock 68 (61%)
Salt Spray 43 (38%)

Step Stress 21 (19%)

Constant Stress 25 (22%)
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Progressive Stress 20 (18%)

Envtronmental 68 (52%)

Screening Tests 35 (31%)
Corrosion 42 (38%)
Production Processes 36 (32%)
No response/not applicable 21 (19%)

46. Please describe how reliability tests for nonelectronic equipmnt are

normally performed at your facility.

For a specified period of time 57 (51%)
Until a predetermined number of

events/cycles are completed 55 (49%)
Until a predetermined number of

failures have occurred 10 (9%)
Until catastrophic failure occurs 16 (14%)

Recurring until all major failure
modes are identified 7 (6%)

No response/not applicable 32 (28%)

47. Do you use accelerated testing methods to determine
perfonmance/reliabil ity?

Yes 52 (46%)
No 40 (36%)
No response 20 (18%)

48. How do you evaluate test results in establishing quantitative
rel•iability?

MTBF 5 (4%)

Basic statistical methods 29 (26%)
Not performed 7 (6%)

Expected level of improvement 5 (4%)
No response/not applicable 66 (59%)
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49. How do you analyze, the validity of your assumed failure rate

distribution and its affects on test results?

Statistics/curve fitting 14 (13%)

Weibull plot 3 ( 3%)

Not performed 14 (13%)

Past experience 4 (4%)
No response/not applicable 77 (69)

51. How are costs for reliability programs allocated, budgeted and

monitored at your facility?

Percent of project budget 12 (11f)

Cost estimate of expected tasks 17 (15%)

Contract/project office 43 (38%)

No response/not applicable 40 (36%)

52. Have any of your government contracts specified a requirement for
inclusion of a reliability centered maintenance (RCM4) progra?

Yes 26 (23%)

No 55 (49%)

No response 31 (28%)

53. Do government directives (Data Item Descriptions, instructions, etc.)
add to the effectiveness of contractual reliability and maintainability
requl rements?

Yes 60 (54%)

No 22 (20%)

No response 30 (27%)

54. Is there a significant lack of standardization in the nonelectronic
product world in application of terms, specifications or qualified
products lists?

Yes 58 (52%)

No 14 (13%)

No response 40 (36%)

61

p*a',M .UtWhA. r.y.iM jL~, ~.PX ~.a% ~a ~w r~aa ai a~M *V b I**AUAf'

- .q. . . ~ -



55. Should there be separate reliability specifications/standards for large
equipments (flight control systemsi howtzers. computers) as compared
to mailler, more easily tested equipments (motors, printers, actoators)?

Yes 48 (43%)
No 29 (26%)
No response 35 (31%)

56. To your knowledge, are any of the engineering professional societies
currently engaged in a productive effort to develop or upgrade standards
or specifications that will have an effect on reliability/lmintain-
ability of nonelectronic equipment?

Yes 27 (24%)
No 51 (46%)
No response 34 (301)

57. Does the added requirement of ruggedization for certain military

equipment affect reliability?

Yes 45 (40%)

No 7 (6%)
No response 60 (54%)

58a. Is sufficient information available to perform reliability analysis for

nonelectronic designs?

Yes 20 (18%)
No 36 (32%)
No response 56 (50%)

58b. If not, do you think a Handbook is possible which could provide
procedures, guidance and material information.

Yes 60 (54%)
No 9 (8%)
No response 43 (38%)
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I requirements are mel grams nuit be indi.

vidually tailorel

Vary Importint to o ltfic, UT&C, SEll5 o Iliattant for com.- o Effective at totnl 0 Reliability test- o Reliability
ad hearion com- usod to onsure r•li. ponont% subjlect to syttes level only ing is hindare cr1- approach is the seam
wit% pAttleIarly Iiitt rqireitiaments wear out esNed whereas flild for nonelectrcnics
tosre redundancy Ip le Mt performance is in- and electronics it

o Tests structured fluenced by personnel system level
fdrss o Tesfrmanetuo traininy, sp or a Reliability pro.for p orf orm ance l eqi p "~l~ t I t C O l | b lt p
ri-liabill.y uilually whi mete eliloU'tcO, gri neaam or
piggyhick mph a n lady.

tics support

117 used o 781 used f or P orfo.rmoi to search Effectivie for pin. o Company itandirds Constant Ifailure A Field PT6F s60 of o 781 used wh•n
Vir effective to arcapt-roJect cri- for faluro modes ipoiting improperly book rate assumed predicted possible, utiherIw,te fc p ice - tonri but not appli- only dernted pice.pairts tests search for

Itproperl d c;atd ble - now priced. 0 Mue fgilurw cnurv
desiqo u es nequirvd part of contractual o HandbooL I)Oý0,h

o Dualificatlon test- requirements on specific systan
In porformod to basis only
dlermng Preculrrig
failures for correc-
tive action

a ,81 not used -nsi o use in-house a Field performance o Not enough field
proceduroes rq Ieod standards failure data used to service time for

'maintain reliability comparison
growth
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SUMMARY OF RESPONSE TO QUESTIONNAIRE ON RELI

p;;' coot11 SH111 CANAGEMEN S AISI 5"LM& sIsh

13. Armored vehicles. 0 786 not MCI but 0 Relaj bilI Ity valoog
tIntan gOidI epkble - 41afi-Is are furnished by Con-

missiles, artillery on Y no WeIWbI tY tractor for use io
...... rograms developed opopitional research

ooistr~nisbu. type analysis

an loisticvlhs bn
syst lem , slipueto

model

14. MG Second Stors NO1ttl fle ealol 4 71`6 oft n used but a 1116 not used as a Used to intortfns0 lV
Militia. MinutAlean thrust vector settue- heads tailoring ii contract requireftiit reliability 1with .used in

t0~,*tC.delte "~e~ri~ics a Stresslstrength
reqirmets calculations, deligo "'n late usdon tofa

0Syste~o lc'vel fail- itergiti requirem nts MR lailruredt
ure retes estublshed and 0,1gineari no sI0"!. qatf alr

frcontractual votes used for model
requirements diction%

t. 0 Plit reliability

___________ falures

is, Ireilers for GIround Trdier-litt Actuator 0 786 not used but o 756l not satisfac- 0 I81
Launched Cruise 4601icablo tory implies eape. 0101"tMisl Reureet bsd nenisi distributionoAa

Misieon m itsion success tori: a

r~lllt bully
of I,

18, ounting trays, avi. o Normally hes ratio. o Priur prodiarct datea oused on safety
onics I c hosn bility guarantees in samne operational .tritic a I omponnto
and 0onlet remit which impose free environment it U Lar per ARP.R26cooponacits of anion. co"Niquint pares, the best source

ino untsost"' reeie
ics nitsand retrofit u~ti I

guarantee Is me't
0 1411.4104115 not
used

17. Solid fuel propulsion 11ocket motor parts, 0 Numerical require- a 756 not used o Internal praodures c Used for prodic. o Tiests:
t ystmte r~aphtit insulators% nozules, mensts based On mi st- * Predictio ise. used tiurs Veefly

c1 0"01oit stouctures igniters, etc, ion lutcess$ probe- coln Voinitev e lementbility by operiti oail cellnti 00atltv nayi efre
eru rvmet. and pro.dsgatpr lee pertdiuetion prceslesi

reliadiiity control o Detailed probabil.
by quaiification test is tic analysis per.
and reliebIlitt form~ed to ovaluato
g rowt h monitoring predicted reliability

yrb~iliy ria
systems~~~~~~~~~~~ ap cantirl by ot btpoitosnw a n ee u sdpor

quailirnatlon test
and reliabilitt
Igrtowth monitoring

"- -------



.ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

FAILURE RATE ANALYSIS/TESI/FI1LD- MISCELLANEOUS
TEST PROM ACCELERA1!0 TIESTLNG AELIAIILITY GROWTH PMTS SELICTION -ISTRIOUIN_ USE CMARACLtiOS _. CO L....S .

o Analysis results
aI. ususlly optimit--
tic in cnamp r son to •
test and field
results ;

0 In-liou- e . tandirds o To.niarat'ro o Used to monttor o Use standards o In.ufficint date o Handbook should
uso4J In liu of 781 eoaiLrfts used to reliability progress manual oer AFR 73-1 in stand-by opera- provide easy way to"Identify Saa-sins.- and identify problem and SAXSO tionlI mode of miss- tailor requ armats

tire MAt ro 0% components lies and docusmint
a Matrim should be
developed to Identi-
fy requ irments
versJu program phase

i01nens iji~

a Accopt/rve 0 cri-
toris eitta lhir
pur ?iIIC
o tet est 1•ts
roducod ty a factor
of I.. to~ illndltt
operational relia-
bilitty

-o Monitored by In. o Reliability ¢o0- a After approximattly

$arvice operational nhnts engineerin1g and 3 years of agresiv
reltibility roports mechanical .nqinslr- lel4ability growth
from users (Airlines) Ino maintain a non- analytiCal rluIuts

*loctoonics AD roved are wcoded in
vendors parts listing service by 20-50%

di 10 ivits pv*vormuf ) to oJod whaere tUstt o Internal ltandard. a Binomial used for o Number of tests too a Ovoernment direc-
verify no wtiruut dra vury cotLly as lied parts program twittng "one.shot" Smail for compfarison tives Just onoerate
chdricteriltlct -no witil rnoket mot"'r deViLes 'paper work for
reliability tast, per internal proced- ripopting PUposo$performed ures 0 Sufficiemt Infor-

mation from In-hout
data for reliabilityanalysis - no hind-
book needed

o 781 not used, not Norne performed o Sufficient infor-
approprimto mation does not

exist for reliabili-
rI& for noh-

eletronicd$1n

I I I I I I II I I I I I I



SUMMARY OF RESPONSE TO OUESTIONNAIRE ON

-- • RE•PONSr MANAGEMENT
CODE SYSTEM COMPONENTS PROGRAM PREDCTIO FMEA ANALY$|

19. Ground Jameer radar Servomotors, Air o 786 used and effec- o 756 used o Not performed o Performed per 217
rsrstm, modular conditioners, tive depending on o Useful at coMpnnent o Cost effective from o Hay notbe coststheat emitte radar blowers, gear trains application to system level on a line replaceable unit effective for non-Ssystemi o Numerical require- partsooount basis and to syst• eemlOC electronic designs o

Monts spociffed in application environ- o Place part FMEA t

terms of system level init useful for criticalfailure -ate and areas
mission success
probability; relia-
bility control by
qualification test

20. Battle tanks, oiner- Pumps and other com- o 785 applicable and o 756 not Satisfac-
stor sets, fuln ponents constituting cost effective tory
systems referenced systems o Numerical require- o Predictions used si

meets specified In for life cycle and
terms of system level logistics support wi
failure rate and costs and spires io
mission success requirements
probability; control
by qualification
tests and RIW with
incentives

21. Eartmoving •id con- O 785 not used, no
struction equipment comment on applice-

tion

o Reliability re-
quirements specified
in terms of system
Slevel failure rate;
reliability control
by growth monitoring

22. Radar systems dis- Antennas, pedestals, o 78 not used - not o 756 not r ul o Not performed 0
plays, conwuntoation motors, gyros, applicable for non-
systems brushs%, etc. electronic equipment Corporate field

elecronis ares d ta used for predic-• lectronics orien- tion
ted or

o Numerical require- re
Ments speciftid in
terms of system level to
failure rate and mis- ty
Sion success probe-
bility; reliability
control by quAlifica-

.toent-,tll ad.-tics test .
ZJ. Structures, Dneum|t- meta and conpo- o 78b applicable And o Goud for qualita- a Excellent to compo- 0

'cs, hydraulics, site structures, cost effective but tire decision when nent level no
mechanisms valves, drite oc- not used evaluating concepts o Perfomed on every

tems, reguletors, a Numerical require- or performing trade- major design effort
etc. Monts spec'fiod Iu offi to support system

terms of system level safety in accordance

failure rate with ARP-926
o Analyses and tests
used to demonstrate
reliability fur small
quantity programs

?4. Ground launched Launch control center o 785 ased springly, o 756 uinsatisfactory o 5hould be itegrho- 0
cruise missile needs considerable ted with system safe- at

modification ty program and LSA WI

o Requirements based
mainly on availabil.
ity and dorman.y I

o Money spent on re- at
liability programs de
depends upon HQ pros-
sure or when things
fall apart

................../
- 'ILA



ýT IONNAIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

STRSS NALSIS lET iOGRDI CCEERTEDTESING REIABLIT FiOIIH ART SEECTON FAILURE RATE AiA.LYSIS/TEST/FIELD- MISCELLANEOUS
--SRS NLSS TSTPORM ACLRTDjETN EIBLT GOT AT EATO DISTRIBUTION USE CORARELATIONS CtWINTS -

o Partgrimed per 217 o 781C used and o Not perforad o Not performed ni Constant failureu o Asialysic, to field o High risk/short
o Hy otbecot appropriate - needs a ayotbcst ayntbco rate Assumed data optimist ic by time tetpansp

imroemn 781 us:dfrnii
electronic designs a Individual opera-

effective ~ ~ ion Iu nand efecivvffitron-m l.si
ment profiles devel-
oped based of% unique

* operation scenario

se-- o MIL-STD4t5 uied

o For small samplei
size5 - akforal
samples possible
wi thin budgetrectralints

o Full scale tetstin9 le to e~nsue~ a Godi il ia eiblt

mieftgelf boNeded to deretuine :sacrtl ~ Trfeddt
iffirst 1,rodictioncortiea in

o 70i u ed hu t not a Acceleratued temper. o In-house standard- a Constant fai lure o Reasonable field o Has not seen ally
OIpproIpr I at L for tion. atursi tests performed lied mtcliweical parts rate. assumed correlation dependent nonaltictronic pro-

o lotronc 2~ips~Lan sophistication and orams requirin
-o ne liecatinadl training of operating reliability enqi-

ori~ite pruedtrespersonnel neerinq activitiv%
rtiquiredu o nw&' and specifi-

o Tvst reocults use,] cationi differ -goovi
to ronito;rml labili- review for Govern-
ty ijrowth ment/indusitry imnel

o 181 approprlatej buto eibltvlrn I
III) wied grams budgeteod by

percent of lirnintI

va IueGISo ~~

o 7111C not appropri. o Used fo r system and o Internal procedures o Insufficient fieldi s Reliability giro-
ate-need now diocument maJor subsystems and used usage data available grams not a% well
with normal and selcted components o Sinfcn lack of to correlate rqtults in~ttgrated intos
Woiholl distributions td i evr.l pIcre

o Specifiled environ- a a they 1houl d l1i.
seqnt and cstimate of
ser-vice use profile
devloV ped
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'I ~SUMMARY OF~ RESPONSE 10 OUESTIONNAIRE ON RELIAN

Is. Tamks, aircraft, Guns, Missile$, etic o ?a$ not used Pie
trucks o Numerical require. plinRs us

lonts specified'i Inl S
t*fy"5 of Net"~ level Hardoig
failure rce a d ;",wayt
mission success approvtd

Tprobability md
r14. D Belic

AR 709-3'

26. Sonobuoys PneumaticalIly o Varilnus elements a 766 ton old and a Performed per 1629 o Reliance on engi. 81U
activated flotation of 70~ tailored to provides no data oPractical only fo "iVrinII analysis pal

equimen $Pcfi ee of yi d steat h r"ut
equipent peciic fI~d o Prediction# are systmal margin$ And 141:t athr Iy

o Test results used I good reliability
for reliability enntor of design
improvement purposit. evolution I AlulnI
rmlaiityt prost o 0 Non-elctronic desmign di
i ontiabation 'a aspect% of electronic dstaist

eig efrt tytsm anu1l1 ml contribution to tainty of
total failure rate Ist

27. Personal comuters Keyboards, floppy o 785aplabebta76ntud Noprosdo71U5
disk drivest win- nt o I d - Similar o ' -houte data Oro modifiedI
chatter dis dri ves internal procedures vides greatest cuedrs-int

o Reliabilitly re- Field failure rat* pctud cu
quirementii driven by predicted to be 211 'usAge Of.,

ctwa~l~le podutsover laboratoryand cu 'tumer, servic est o 781 nee
needal reliability testsi
control by quklif~ cd-
t ion teat and growth

- - ______________Monitoring -

78. Radar structures, o 786 used but only 0766 used, but not a 7N1 uis
aircraft Itructural partially Iapplicable satisfactory for appropni,
iodificAtIono for ~ u~'clnonelectronic equip. nonelot
electronic equirmlent 0Nmrc require- ment Mn

ment specified in sn
terms of system level
failare ato and
mission success Prob.

abiit ribilitycontrol by quaIfiCa
tion test

29. Aircraft towbirs 3tructural portion% o 785 not used but o 756 used, applics- o Performed on most 0 Prod*s
of lire control pods 14pplicable bit programs cation k

o ReliAbility orogrom o Field failure rate Insure,,Irequirements openm. predicted to be W ait PiJ ~~on the programn and 4-70 over labors-XII
what type of incen. tory teats o 6For
tivts dictated by 751 neo
reliability engineer failure)

bution
o For 1i

30. Aircraft control o 0ao sf-n rdiction based a Performed in *vent 78
Systems comment on Its mainly on service of uneapacted cate-

application reports stroisiic failure Anid 0o perall
o lumeicl rnuie-when eoquirod by ronmenta

Mants specified in ntetetbi
torft of sIstem level
failure rateo and
safety factors
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IONNAIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGINS

FAILURE RATE ANALYSIS/TST/FIELD.0 NISCILLAMOIJS
STRESS ANALYSIS TEST PROORAM_ ACCELIRATED TESTING REMIABM;IYY 11R flH -? MTS SELECTION DISTRIBUTION -- i RAIAI At1111IT

o fixed lenltt test o Constant failurle o Test results Iin-
pasus orsmall rate assumed elude vsage of re-

s ample sizes plaVielent parts,
a i~adwar ites spcial tools, menu.

alHrware itemst oanlI and maint. time'
appaysove td topa ionl for, Cost of mownr-
appovd oeatoa ship predictions

Au Basic gudnec r error needs more
AR70-3I nvestigation-ofteo

escalates coot of '

- .. ___ ___ _ ______________ _______________ ______________ __________ownership

o Re'laenc on engi- o 781 used but em- o Performed only o Too many human o Qualifi'iation
nearin analys is phasis placed in when normal usagel variables in the re- tasting good for
of yiel d strength product improvement tenting faill& to cording of failures important 'first
margins and safety rathinr than statist- precipitate failures (eevancy, account-. alert' of trouble

lts ability and other and should he rocog
o Al smpl eto extenuating circum- nited as sucho All samp - tests stances) to achieve 0Msinlgsistviiae vr-worthwhi1e data or oMsinlgsis

dstaiguseical ncam- an idof corea reliability often
ticitca ncr quired with l~ittle

tainty of sampling guidance
tests

o /81 used auth o Used for printer o Implemented by o Constant failure o Field reporti are o Reliability ilio-
nodified procedures/ products at ccunpo. c omponents engineer- rate assumed only t oo contradictory to cited by X of total
rule%-intarn~i pro- nent level ing group because nonelectron- to draw conclusions budget to satisfy
cedurus utad iC equipment tested the need to be

is gjrt of primarily competitiveo Tets bated anex- electronic system 1pected customer
usage ni equiipment
o 781 needs moure
appropriate test
plant

0 701 Vied tn mt not tprfre o MIL-STD-265 used o Assumed distribu- o Analysis to field
apprnpri ,t ' for loNtpromdtion depends on type results optimistic
nonelectronic equi- of test and equip- by Z-501
Meet mast design * Test results to

field result opti-
mistic by -:

P o Production verifi-
cation testinug to
ensuire Inherent re-
I Iabi lity per 7 sIC
XvIII C perfpkrmed
a For nonelectronic%,
101 needs revised
failiure rate disiri-
but. in
o For Small simple
sizes Chi-square 50%
confidence used________________________
o 781 not vied o Pearformn fatigue o Fatigue test re- o procedures used o Tetting procedures o Analysios to field

jnley_ and endurance tests SulIts, i.e. crack for highly strer)ed assume Welball, log results correlationo operatioa/ni Initiation and and cr1 ticed parts normal, normal poor due to unpre-ronimental prvfiles orowth rates, ae. Oicted f ailuire modes
established Ilected in inspec. or nomrsdogrition of

tion program dependen~ce

1I2o
-W ,M



SUMMARY OF RESPONSE TO QUESTIONNAIRE 0,

RE SPONSE MANAGEMENT
CODE SYSTEM 2M IENNTS PROGRAM PRDCINFNEA 4Thl1W4A YSs

31. Guns, tanks, earth Engines, transmits-. ?85 used but needs 0 75A unsatisfactory a Performed where 0 IffofttI6 overý'
mo4n equpipmnt loos, gun tubes, extensive modifica- a G~overnment data kown problIems exist stress 04 e majo

pumps ~ ~ ti .dfeet bnks usefult W ori enrdunder tourca of proeleems
geared ttwards I on val requireevlits butelectronic equipment "add~( Improvement
a Numerical rvquire-
Monts in 'erms of
system level failure
rates and mission
success probability

*13.Airfrom bearings o Not involved with a 3-4 and flight
reliabilil program test data used

I..i~sn

33, Propulsion systems, 4eteliorwom trs, a Numerical require- a 756 used, satit- o Performed In a Effective foe
k inetic energy motors, gears, Monti specified In factory accordance with 1620 critical parts only
systems springo, bearings, t erm ofrsystem lovel)~~A aayi

lywheel failur rate and 05NSRNaayi
safetyusd
0 705 not used but
applicable

34 lcrmcaia iKlasu lc 8 sd plc- a151uttsatr efre nyI rbblsi
production line tromechanicaV compo- able contractually stteus/atrongth

equipmentflont I ad rming/ o Requirements rqie ehiusue
foxin d."I0% established in terms

of mission successI
"probabiityl rela-
bility control by
growth monitoring

35. Actuators, gear 0 785 not used but c 756 used for quaili- Performed if ro. o NASISAN analysis 0
boxes, transmission%, applicable tative prediction quired by contract osed
hoists, winches aNmrclrure rdtin mabe according to 1629 or

ments specifict in cost effective depen-
termus of system level ding on 4ccuracy/ dcmm
failure rates and detail or prediction
safety, reliability
control by growth
momnitor Ing

36. Helicopters, weapon a 786 not used - usef o Absolutel) needed0
subsystems, rotor tailored %pecIric.- and should be used
subsystems tions to satisfy throughout develop- t

m issioan noedt of ment and into field- t
major components Ing 0
o:Rejuirements/qooal t

tI.m 04155 and safety a

a 755 not applicable a

to development pro-grams



IONNAIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

FAILURE RATE ANALVSIS/TEST/FIELD- MISCELLANEOUS
STRESS ANALYSIS TEST 1,OGRAM ACCELERATED TESTING RELI GILITYROWTH PATS SELECTION . ISTRIOUTION USE CORRELATIONS , COUNTS

oEffective - over- a 781 ustd o Not effective 0 Started out as o Left up to design. o Constant failure o Wide dispersion .1 Reliability V-
stIY55 01 %jOr omal fiotgnnt ers rat asbaumed usually between anlyseS, quiremenst usually
rs o n~emao r ,b• Qualificationto al

trc of-has becorm teo lab tests and field Are a compromise be-
teswn reliability mathlatically - perormance - lab tween customer wants
is paes-should return tests are "worst and state of the art

sto Adas and Eve stage case" and field usereflects Inadequate

training

o Test plans tailored o Weibuli or normal o Prefer ample
to include environ- silos of at least 6
meant based on past to obtain 810 life
experience
o Laboratory tests
used to quide selec-
tion of parts for
beat performance

SEffectivefor 0 181 not appropriate o Will be getting o Constant failurecritical purts only -Anow procedures need sore use and become rate assumedcA• growth test cost effective as
o NASTRAN analysis experience Is gained
used

oProbabillItic -'1o not used o Reliability growth o Constant failure o Prediction opti-atIro litA- monItorad by totting rate assumed mistic over test and
%tross/ttreuqtii a Acutre (ltri- mntrdb etn
techniques used teriaestnblshed field results - tests

from I'ECA provide a pessimistic
assessment of opera-
tional experiences

o 'ASTRAN analysis u 181 used, applic- o May precipitate o Reliability growth o Constant failure o Field MTSF exceeded
Used able, but needs failures that would monitored by Duane rate assumed prediction end teat

improvement - elimi- never occur in normal plots o Use Chi-square results
nate burn-in, tomper- service dastribution to
ature cycling and distributito
other electronic o / establish guantita-

torque tests per- tive reliabilitytesting techniques fomed

o 781 used but con- o Procedures designed o Not peformed o Constant failure o Field results much o Trying to inte-
sidered unsatlfac- by contractors not 0 Difflult to rate assumed worse than predicted grate reliability
tory for nonelec- well enough defined becauseo program a part of
tronic equipent but considered abso- meanurebuse of design tee affnrt

lutel necesary numerous design eg a f
o 181 should define cuteay necessry changes after first o Better Duol control
the techniques and production run of field relabilliy
methods to relate data Is required
predictions to eachother o Need & detailed

study of weight re-

duction effects on
system reliability

69
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SUMMARY OF RESPONSE TO QUESTIONNAIRE OON REN

K5~FUUOI ANASINENT
* L . ~COMPNENTS pln m K TAS iAYI

37. PnemAtic systems Cylindere, Valves o 183 not applicable a 756 unsatisfactory- a Not peromed a I1
to fluid oeri old internal procedures to
ANSI alid "FPA methodo used
aTotal system pilla.

fielV,' develapmnt
programi reliability
control by qua~lifica-
tion test and ANW

*8, Radar system pedes. Motors, valves, @ear a 865 not used, not o 756 unsatisfactory a:efomd e 1619 9 Designers peor a l
tals, reflectors, train$, bearings, applicable *naeut dta in vn o f' wiepec a1aaei appli
water coolers. air gyros, 9auges * ndqaedt tedlcatastraphic stress analysis
conditioners aet sprcif " vire- available for affec filure sewefcieaMontsspoel in: tIva prod ictionffcofot pa

terms Of s Wt leVel o Iffective an any a do$~ en and rellit.
failure raeadmi:tp equipmwent bility tool but re-
%ion success proba. liabi liti know how
bI lity. reliability is not always avail.
controi by qualitica. able
tion telt and growth
monitoring

39. Solid rocket motors 0 leg not used but 0 Observed and, a Performed onl every a Strength and a Suts
applicable demonstrateod relia- design effort s tress distributions data

a Rliailiy lility comared with compared at lowesot mixim
0requ biireets sa- rqieet level which has data CAN*u
IIs hed in terms of available
safety and mission

* success probabilityi
Control by qualiflita
ti on test and growth
monitoring with
Incentives

40 Air Defense Missile Launchers, power a Reliability usually Prdcinutly0129C tataly 71

System generatorl, air con- ipecif ied ina terms, not valid da~a does required oTs
K d ticer, eices o sstm feciv- otfi ctual oper- ieTo

anding equipmest nefsyste eliailic tiv- ngt fitl c4di11r0i,control by quilifica- ionstin
tion test and growth 'nisonitoring with A.,el
incentives Ing us

n785 not used bat dCapplicable ic pro
parfo

41. Automatic and menual Thermistors, pumps, o 1001 parts inspec- a Predictions are o Not performed a metal lurgical o Field,
lubrication systems me.1, ter units, tion uved guesses onl y while st?*%s tests our- is the.

yor c~ components o Reliabiit .. 'tir results o#formed on all metal to test:
" I' tpcfc parts their,

flted In terms of f"farmCsystem level failure a 1/2 laboratory
ra te& reliabil1ity life results used to 0Ac': control by RIW estimate field or-t:"ri a

.4, e~~tional reliability nf
establi

42, a ower generation, Generators. turbines, o Developed own o 756 not used but 0 Performed under o 781
transmission and boilers, pum~ps, reliability stand- satisfactory contract per 1629 -new
distribution equip. motors, etc. aids based on 785 a Predictions are va ry cost effective requi
went and systems o Reliability speci- very cost effective since anaysis results

fled in terms of at comporent level can be used In many
system level feilure a IEE Prjc goo Is ways
ratel reliability most applicable forContra I by RIV n reliability predict-Penalti, I afr redduced
-eliability icon

~; ~i od predictors of
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IRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

FAILURE RATE ANALYSIS/TCSTIPI(LD- MISCILLMIIOIIS
$ �sgajlj�� ¶EST P�I'ARAN ACCELERA�CO TESTIIIG RILIMILITY *�iitH �MTS SELECTION OIIThISUTION .J�E.�MJ�hII�L. ..........-. �.----.-

c ?5l not �p1 icuble 0 Increased cycle a Product Problem 0 Nilites7 standards
50 N�0leCttOfliC rate tetti performed Reports progrem used Sne @ft� on
eqei�mt especially not and in an uui-
�t 575t� level items they should

necessarily restric-
tive manner

19bPs pe$r o ?l esed bat not a R3t performed * a Duane model used o 1951. DISC con- o Constant faIlure o Insufficient field
ervata �pl1cable validity of tech- to incorporate test trolled parts rite ess�d fOr service data for

a *ue�ysis nigues uncertain and results into revised electronic equipment nonelectronic items
not fully proven growth projection

a When tied in with
to� h�t re- a test.avalyze.fia

I Stn t� cm program it could be
¶ a�euys ab�il. effective

frqtli aed 0 S�ncctis/f allure a Good on lower is" a Requirements sped. a Aassattion of con- o Analysis/test/field o Probabilistic
S *itt'it'vtir.15 data evaluated by denture levels say fled by customer stant failure rate use results all show stress/strength
Ped St i�st manl,� 1i¼cl¶lsood be misleading vs tested statistically gond correlation analysis is the molt
w�ch �'at data bv5'gtn. p�ctrun upper levels in aging and accelar- effective method to

1 able o Tests performed .t ated aging tests estimate reliability
elevated temperatures -should receive wore

emphasis

� 7�1i nCt Sppiicuhlv a Porform ovwrstress1 o Growth in tracked o Constant failure o Correlations have
testi unuafly step-stress and test- but not usually valid rate assumed not been good - can

idCnUfv errurI to-failure for cr1- for prediction be very misleading
O�COICIIOI. Ol�uM�. tical vardware ii Threshold values *1

* ticr's at specified program
Oclab' I 'ly tcsi- revive points

''�'J Jlnd Ic ml Iuvrc� entabi imhsd

'cr1 "vd _______________________________ _______________________________ ___________________________ ___________________

tallurgical livid pvrfvrrm.si�cv a Increasud cycle a Growth requirements o Constant failure o Only tine ?overn.
55 tests per. is the osiy mu�thsd timos test performed specified and mess- rate assumed mont genera es its

on all metal to test prOdacth And only to prove dare- ured by comparison own terms and sped-
5 their abilily I pay- tuility to previous models fications which tend

form under euact conulit- to be encessive and
o Occept/reject c.i Ions costly
tartS haled na v'�s o Manufacturers I

confirvatlc.n to should be requiredestabi ohed Itandurds to specify eguipewnt
reliabili and then
be respons ble
through warranty

o ?151 not applIcable a ii� accelerated o Prediction results
- new proreoorvs tests performed - are optimistic with
required cast always associ- respect to test

ate stress of test results
with level of ercel-
erated lire

""w�'�"



SUMMARY OF RESPONSE TO QUESTIONNAIRE

SVK...... WNM.....T... PROGRA PREDICTION _KA
41. Aircraft systemi and o 716 used @6 spot- o When 3-N data is o Ptrformed $% part

r I a. Palerfted by LIA require- unavailablel contrac- :f every deuign
mero tucues"t$ tor predlictions rea effort

a Inolveot-i RCHused

4. liolemeid ash air Insatruaientatiois In- ottevoloped own o Use own lab test a performa ona i1.1
air motral valves sy.4tem lois 10Ceck on oil ring bill in

fin~hedprodctsternal procedures
0 o inspecrtors

monitor Mac hie
* . assembly operations

o Reliability control
by qualification test
and RAW

41. Autosiblige, trucks, Shafts, jears, bear- o Reliability re. o Perfarlmed as part
eneines, posts insNosnsec urawmnti *stab- of se 1esg
"garbates lIshed In terms of efrts oriMvn

system level failure Of Jfl@SPectid cat&-
Pate slnd mission strophic fa lure
success probabilIitylreiability control
by qualification test
and growth monitoring
applicable

46. Tactical generator Cat turbine engines., lab wiuedi cost a Use contractor a Uses flnlto #l#-
sets control systems effective with care- and commercially ment, thirmal and

ful application and available methods mechanical analysis,
Judgment for bearings, gears, at compooent level
oulReliabillity e- etc.
quI rements esab-
lished In terms of
system level failure
rate and mission
success probability
reliablliIty control
by qualification tent

41. Generators and other o 785 not used but o 756 satisfactory a 2l? usedl at black
Components which applicable a Predictions based boxt level
suport sytmsonia o Operational Avail- on similar types of

4 tons~yieec ability requiremenits oquipeoent
estebi Ished per
AR702.3 In terms of
equi pmet NiCFIf re-

t liab iltytcontrol by
qulfcton test

46. Transit eeulpment o 785 not Applicable o Predictions are o Limited value
and systems or used directly but very dependent on often performed too

some basic tenants environment and eryor with inadde
can/should be consid- operational factors, quaot operational and
ered and used for all usually lot well environmental know-
equipment programs defined ledge
ai Reliability re- o Predictions often
quirements wutab- derived and based on
lisised in terms of similar types of
system level failure equipment
rate, mission success
probability and

piet-



I ONNAIRE ON RELIABILITY PROGRAMS FOR NONELECTRiONIC DESIGNS

FAILURE RATE ANALYSIS/TtSt/FIELO. MISCELLANEOUS
SU$ANALYSIS TEST PROGRAM ACCELERATED TESTING RELIASILITY GROWTH -PARTS SELECTION DISTRIBUTION gm QRBELATIOAi. W" y

o ILS programs "need
to be usdto mini-
miss duplication

K pefform~ed on all a Uses NFI'A and ANSI o Performed on 411 a Good correlation
spoents on an on- standards assemblies son. betwesm test result&

fig basis in o~iitin tlstimes in conjunction and field use
barsdc oit inmbe od with life tests to

' ?rca 
1 prce d~ e 
witon in- 

of Qulfcto 

est 
abihls

* perormed guarantee and to
detect pot*entialfIlIure modes

o The most effective a For small sample Noalyaue
method to ensure slaon accelerated Weibull di sibution
adequa1te safetymade- tests are essential for testing

in, tml estoting and very effective
henwdesign and

comparing results
wIth previous designs

uses finite olo- 0 7111 Applicab~le - 0 Not currently used
mt. thermal anti so changesl required I' programs -probe-
chanica analy,,Is b ly should be

4 component levt'l Mus meat Irecificnumerical requ~ire.
rents in 4ullifica.
tion Lests

III used at flack o Acciupt/ruj*wd cri. o Constant failure a Correlation between
x level toria based on 14t8F rate assumed reliabflity predlic"

*during 50 day field Lions and ten
test or in accordance resuts It, good as
with ?BIC lon a int Ia pro.
o Yfl nodds tests dictilon is updated

(I Difficult to Gee o 'Previous Transit 0 Ccorrelations vefy
exact relationship Qualified* (i.e., a or-tdoomn vIan.
te inc reased lovel type of QPL) being able, and question
of "stress" on non.* established for many able prediction
electronic equipment large composl)ntt techniques
o Performs uccelera.
ted accumulation of
duty cycles, often
not at an acceleruted
level of stress

71
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SUMMARY OF RESPONSE TO QUESTIONNAIRE ON RELIA5

RESPONSE MEANAGEMENT
S~RL...... ~ -ROM-- PREDICTON NE *4 Ahli~L.... TI

49. TAnde rotor holeolco- All IComponents con- o 761 hot 'laid but o block diagrams, o 781 not
5055 itituting system applicable allocation% and pro-~h~5a

0 Requirsemntlts/pil dictio nis used for a G a s s

il" Vlde r ae ove tionial adjustment I901

0Reliability control liability prediction
by growth monitoring

10. Optics, RdS systems Posteners, ACS com- o 761 cost effective. * 756 not used - data a Performed in ever~o75 o
Ponents n"is depthd on cost sources provide in- deaign effort at II to oee

Of protram and cri. adequate failulre mode levels per 1620 41quipment,10
ticality of W4i. rtio tos$pan
bilty goals aTs

o Pli.,bility ft. to e"tlrott
qureiseits ostilb- bility end-
lIsisd in terms of based oil to

MYIF and mission and failu
success prubibil1it~i
r* I IbilIi ty Contra
by qualification test

$6. Taitical aircraftb Hydraullic, turbo. o 761 used, Applica- 0 Low effectivenets' a Performeid only if o Vsed effectively o 7515 used
misstiflevs/lauch fan en iega ble prediction factors called out in con- to form a basis o a iear'out'

liicusgner& ort o Reliability re. not Well understood tract - moderate than modify and In endurane
quiroamnts #stab. effectiveness adjust from test

iso nterms of eprec
system, subsystem and

CO n*Mot MYTIFreli-
abiity Control by
system level tenting
and growth monitoring

W ? Missille control Valves, Pumps. struc..oa785 used but Con. o 766unsatisfactory- 0Uses bottoCm up a Motcs fe- a71ln

"Vie, uls ngactuators, etc, cable - dos% not book and MIL.STD.XXU per task P0ea. psuvini nionflectron.oaQualstlC,
launchers, etsolve unreliable Reliability Stress graph 3.1 of ý629A ic reliability-mus aet edt

nonelectronic equip. Anelysit ( raft) a Should be done be approached on uncover p
mat rolesstrength vs, stres msedb

went~ orbefs oUseful to determine eal toieif bss misethoys
0 uses Lngineiorln! if requirorments can mjor problem areas- ehd
Practices ManuAl be Met and if and otherwise not effec- a Perform p
Reliability 1900 where imorovements tly. reliabiltyare necessary "I tst

53, Aircraft, munitions, Landing gear, air. o 785 not used but a 217 predictions 0 Required in the a l81 not aý
m Iss Ies from@ en ment, Applicable usstsacoya development process a Growthroktmo or% t yollok At tIdentify early

rcdoReliability re- tiee panl s vs total c i to I at ctions raesul itshs

luirdants nthis ll system and do not and reduce overall rslsv.
Consider the real failure rates

growth models andoren
milsion success a RADC Notebook used
models used for eval-
uiticin of require-
Montsa

$ 4. Liquid rocket propul- ValvQs, nlastcls, gas 0 7166 used andappli. a Can be an effective a Very effective tool a Ntecesary design o Very few
tic" (engines), generators, Injec. cable whon tal ape tool for supporting at al levels if it reqluirement but not require tell
marina propulsion tars, oftc. to eliminate those conceptual and de. Is performed In con. normally poplied demonstrate.
Ifans an"d pimps) specific requiremenuts tailed deiegn efforts junction Wi th the effective y -most terwined rali

that are unique to If the predictions conceptual and doe- designs are to due to cost.
electronic equipnest are based upon "hard" tailed design effort scIfldaris ations
o Roliaiity pd data from similar w ith no correlation

1,ied it tars prott to numerical rollsa.liedurabilte r e- prdut bility requirmesits
qjuiroment s rel' lab i

Mty cntrol by growthmonitoing with
jneta nuveollonaltiea ___I

'~: ~ 72/
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AIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

- AIL.URE RATE ANAL11IS/T1ST(IELO. H1111CELLA1111111
41 NLSS TESt PROGRAMi __ CELRATID TESTING RELIABILITY (POWTH PARTS -SELECTION DISTRIBUTION US CORMCLLZL.1..M M

o 781 not appropriate o Overtorque and a Constant failure a Poisson table used
o Goals set by anhly- vrefatr et rate astumed
I Ii force pursuit of use on spcfccrIW na rs
in 4gressive TAAF f ~a sd tofatr

vormin field to predict reliability
m;tgoals

o o781 not appropriate o- F or"&I smil s le a Safety margins
A ononelectronic %111 s binamiA fr as tablithed through

equtiamant -Weibuli specimen reliability probabilistic
test Plams needed requireeients-Weibul 1 stress/litrenilth
o Tait results used for specimen test methods
to evaluate rWit- tine requiremnts o Failu.O mode In.
bility and confidence formatiori is notori.
bosed on test time ously inadequate
and failures

e ~ffectively 0 Y818 used o A central driving o Confiant failure o Poor sumeriral o Error froml con.
aod basis *force for parts rate assumed correlations -quaill- stint failure rate

lify andt o nWea~r-ouinxtm'ft esamne itandardilidtion it tative aspects Of assum~tions signifi-
'ýfrom tes needed prediction maly be Icostly lesis them'nce more useful errors caused by

data translationlsmall sample tiles,
aetc

cost offec- o WI not used, not a $eit method for 0 Good management a Use Published o Plot results on o Math model relia. a Nonelectronic
sathoil for tits appropriate mauigste lIfe toot f or trlieking estigners handbook Wilb'ill Paper to bility prediction equipment failures

tO nnelctro. aOuc Ifiatin measrlying systeomnI dvlopet prograM (approved parts list) chick for increasing + 2% of field tos" nfed a fe
11abilI Ity-must aemisndator to Phl o ASAA or similtr o Large deig va- -aout ty pa failure 7tsultt after matur. be traced to Im.lroached on a ev pb einvr ~

Itovn t es unovr prob mn arvas o Method for a~ccler. model used ance betweein mechan- when ssuming con- ity proper stress/
1.t s t misled by snalytitvl ated to real time caleieen stant failure rata strength analysis

methodst conversion is needed standardliation oustindig
o Perforin production u Ahnnus relation. hbase ottymn
reliability veriilca- ship us ed - ninimum lt
t Ion test% 5l't Na'30 desired

o 18i not imo~d o Nifeds to be per. o Used to determine 0 Constant failure o Good correlations
o Groweth model1p formond on muniltion the expected impact rate assumed I f rel iability isdatedl with tv systonis thaet spend of reliability on evaluated unde'r
re sultt vs. lirpiltc. the Waority of their the total system correct field con-
i on life to tna dormant maturity ditions

state

Igatbtnot require testing to results cannot be vs, cumulativ, test rate assumed fielId system level design methods
Vl aptpluied demonstrate a Prade- rorrehated to equip- experience Is avery correlation should be encouraged
are to due to cost coneldar- level at nominal noneleutronic equip- lproblem

I a mar? Iins ations conditions Monts Rlaii pd
colrra Wt on o0 laity %at
noeal relia- o Monitoring of roll- ficOtitI5n for large
requiroments abilitt growth rates vs. smell rockets

do" to supiport pro- differently due to
gream decisions Ihigh colt of testing

- ______________ ilgher thrust

V~~~ -V*-'. . . . . . . .--- -------m-- --



SUMMARY OF RESPONSE TO QUESTIONNAIRE ON

RESPONSE MANAGEMENT
SYSTEM cCMPONEN's PRO PiFDCiMi* * EN

6S. Air comressors. Valves. bearings and o M8 applicable o 766 unsatisfactory o Performed anly if
seimps$ clutnhes, other compahints far astomputer modeling a TIG~ER computer pro. 1l~uiroO under can-
allnes9  controllable referenced systems used to determine top gram identifli ci. tctpe 62

4 poelrlevel reliability tlical equipmento o Effective in iden-
requirements where reliability tifying equipmelnts
a Reliability growth improvement would be with hi gli t'roability
monitoering used to motcost effective of failure
ensure requirements
are met

66. Aircraft subsystems Nonelectronic air- a 781 applicable o Provides assuranice o Used for early
crf qipet *Reliability pr- fl meing specified determination of

grams Contain silo reliVAbiliy rsquire- fai lure wodes and
z~~ r tal#Ivwiltr: to 7 ut and tracking evaluation of their

specific program programS develops tat@ time y revis.
o Reliability re.ion
quirements estab- a Internal procedural
listed In terms of correlate closely to
system lendI failure 12
rates with extentive
use of math models

1?. Generators, air con. Switches, relays, a 781 not used but a ?56 not adequate o Performeid it a Very Cott rffec- a,
ditioning units, gears, 16to01, otd. Considered Applicable for mostly mechanical required by contract tivs at part level 6a

p ater, et. oOfiaii~ e *ytes per 1 629
muirmnt estab- a Cost affective if 0 Cost effective fore

lished in ternls of arcvotet part level mission criticala
system loyal failure failure rates, are failures
rates and misilain Available a Top down (faultIsucsspobbliy Spo ',iryins numoI'l p# nciia
reib ilt coto W elaii t itfems 0onliy c
b qualification test a reiblt to tms sl

and g rowth monitoring nonloflctool0I, djulp-
Mnt shudbe dils.

cannttlosid
WI Fuel systems. power Sensir's, hydraulics, o JIRS usod oind o 156 inot 5dtisfac- o Not effectivik -s oi

traIns, suspension% automsotive conitrols applicable tory only if required bya
a Reliability ren. o Wnanar l c1 on. totract per 1629 andl
quirerrents @stab- trollied tet ath APgi
listed in terms of base uswd for nion-
system level failure electronic compcononts
rates and mission
%uccehss probability.
reliabil ity .011tra
by growth monit,)riny

69. Nuvy and Al! force "075 used and o
arcrAft, hydrofoil, apsilu.Ahle a
gull1-boats, windmills,
solar sot water, x~ait re 0

heaterslishad in terms of
I, ~system level failuref

ratelsandf million
siuccess probability

I Many requirementssAVe reliability damr.
onntration require-
metits and limited 41W

60. flight instrumiinii, a Tasts tailored for a 1.45 not %atisfar-_ o wafornvd only onsensors, gyros each prograie similar tory safety relatudpi
to~ Wg crctor's from past Oqulpmants

aRequirements Iuteir. a perienco used to a Necessury but
lishnd in terms of'1adjust lab tests to difficult to assignMTRF faied reliability failure modes and

Prodictions distributions to
0 GIDEP and internal Piece Paris
eaporience usad for

W. failure ratos

4J_______..----..---
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IONNAIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

FAILURE RATE ANALYSISITESTIFIELD- MISCELI.ANEOUS

STRESS ANALYSIS TEST IPRURM A R.TE TESTING RELI.AI!,ITY GROWTH PATS SELECIION ,,ODISTRISUTION USE CORRELATIONS _ CO*iElNTS

o 781 used but not o Used to ensure the a Constant failure o FRAP program o A handbook is
appropriate top level require- rate assumed predict on% have needed which aipproi-

emnts of the ship are matched fleet per. Chet reliability
o Taut u rpd lts used liet durinig develop- formance 0 sampled analysis fromac a

trogupate isipte nt and construc. equipment mechanical design
program tion phase viewpoint where
o Maintainability stress asalysts is

demonstration teuts included
give 4TTR data

I) New 781 pr~coduras o Assessment of a A Program Parts o During flight test-, 0 Cosiaonont opera-
n3Adad with test Achieved reliability Selection List In NTFI I Are calcuintidl tionsd And logistics

conditions for non- against good growth develofed by Internal And assumed to foll)w reliability predic.
electronic cempo- carves can warn of standards function constant failure meo tions ire used in
nants such As the possibility of models to determine
hydraulic actuators not meeting require- system mission aid
and control veivos mints logiti cs reliabili-

o Factors Are applied relty b t y tw ired i.
to lab tests to IaIlt y rei i
account for tha pro. ments/qonl
pose•d us y onvironment

Very cost Wffvc. D 701 not appropriate o Use elavaitd o Custouner applies 0 Usa a series of o Constant failure o Geod pradictios, o In deYvlopmetit of
IVe at part lenve e litt ,esults Are te•peraturee tvmpar4- the Duane model standard parts rate assumed test, field use ground radar systemtv

to l ecaiculate turn cycling and requesting a growth manuals correlations for voniler.trontc parts
-u ,e vitrration wi tt encer'- rate tl ohwt mature systeeva represented lil0 of

itin~a~u H'lc in iffectiveesls predicted faillre'
stantannuos MTOF tamrAe but P0% of

actual failure rte'•
due to lack of re-
Iiability Attentioil
to nore'lvctronic
items

o Noit flevili to o Groowth requiiernentn o Coistait falure r o Good correlation
idju-it Idt, tent specified ind rate assumed between tsit eadilr-
'rV!,ults to ustfillite measured iy luan' tion and fiell use
flelil rltibiiility nmode I resoI ti

une'cl forplitclvt dd i 11Idd ol' a lipolLil o Conlstant failure o "loult of thumb" . o For small i mple
uset for te0fthny blls only rate lAsumed, how, testing 3X better sizes, cost elifhec-
o l'I'eviou% oporiInc ver, hfav tracitinq than fIeld perform- tIlmaelns haqtel ion

'did Optert Iodil rowth models coInc failure ltrlAct
deterini .os numcic'rr.dtios detol'nmined of test %amples

frulln lab testinlg usedo
to adjust lab to o Aclovemont of rp.
field reliability liability for ron-

electronic device•s
rtsuire's a ,itandari.
ilt con program

u 7lýI uts acid ippro- o Useful and cost I nIMnltored cuting o uIM company preo- Constant fallure o Good correlations Li Uses series model
icr lai• effective for parts fialdi claLo fvrord standard plrts rate assumed when Wield on past for logistics scucc.
a ) Helliubt f dtilloni- where fatigue Is of Ist field performence port, mission rel'a-

sitrat lona va/at lno concrern data billity ibet diailromfor mission requirt-
testy used to ensure 0 Torepqr.ture cycliornmi orneg

roquireents are' met used

73
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SUMMARY OF RESPONSE TO QUESTIONNAIRE ON RELIA,

RESPONSE MANAGEMENT M
COESYSTEM COMPONENTS.. PROGRAM PR tICUO - A STRESS ANALYSIS TEST

Si. Commercial trnspelort Componlents of refer- a R taeuinnts/goals o Extensively used - o Used as a prelude aDeveloil
airplane systems - slicedi Iystems based1 01n c0Ompenet both §AfetY And cost to system probability profiles
electronic and non- MTBF warranties effectivons r tnlye acomoinen vibrtiot
electronic o Prbblt studies ooinn lee tobtain a Ir a

of dispatchin an 0 mostly use internal saey espciv ecessPn
Airplane on tin duta bank of coesser- o Especially needed tA r
performed deil airplanes for new tachisology or

o Qua~fict~oncritical (safety or
I. ~~~~~tests, reliability oeainl ytm~rowth monitoring and

1used to ensure
requirements Are mat

St. Vnesflowsensrs, 785ap licable with o 766 is objoleto for a Vary effective be-oQafi
phase change some tioring everything cause mechanical have some
materials al Nonelectronic o 217 Should devOte parts ere subject to are extr'

reliability is only more research to low& wea?
a small part of total population/high fail-
relilability effort Uri rite parts ~
o Requirements/goals
based on similarity
to known designs

63. Aircraft/missile a Reliability re: 0 Questionable 'Vch- o Most valuable o isetful for *lec- o Qualifi1
flight controls and quirements estab- niCal value except analysis available trolnies and basic I1mg of Iit.
uchanical Systems, listed In terms of for evaluation of set orned structurel If since undo
rail transIt vehicle system level failure realtive merits of anlsspromd aprlied environimenit late in do"
systems roas, mission two design proposal& alsi prfre are Accurately knows cycle

success probblt a Not vey effective o Simple siiand satetytt reli at dtailed compo- devolopmen
bility control by nest level due to based on
growth monitoring Poor environmiental engineenin
ond t*! with Ion'tn data
tives alid penalties

64. Wide ran a of else- Components constitut- 0 785 not applicable o 756 unsatisfactory o Useful for qualita- o Effective for unit o Test ros
tgsoli c/ectro- Ing referenced system o Reliability ro. tive safety analyses and component struc- to establi
mechanical systems tural and moving tive actio,quirements estab- parts

liShad in terms of
system level failure
rates
o Parts specified by
derating and quality
part level

65. Mililary transport a 8 sd pic- 0 heeded for trd/ oSngems In or 0important for com- o Qualilica

aircraft blar cost benefit studies test reliability ponent/etuipmeot routinel
o Temperature, press- o Based on hisoi Anayi ol*pr ei suu e t oioR Nr formed on most design ty growth
~u r iradtion, pro- l, APR 651 iv effortshumiity a ro- -14and commecae
file% estabi shod Airline date o Uses SAE ARP-9126
for sircra ft-Is silon
success probabilities
A nd fail ure rate
requiremen ts
established

66. Hydraulic anid elec- Oyros, torquer%, o Tailoring Aspects o Of vary limited o Safety is the prime o Worst casa stress o 181 'aft
trical turret and hydraulic Actuators of 185 muke it value - sum of fail- concern of any PMfA detetrmined for crit- testin'g. I
antoinna controls applicable to any ure rates and relia- ~ eueu ~ ice' items at part priata .-

program And all1 types bility models are olold levuels l deenin level fati gua required
of equipment used al eesdp ~gmodels used tract-newon the ability to rqieo Reliability influence design - rqie
requirements estab- timing becomes criti- a lest reag
lished In term.% of cal factor periudicall
failure rate and to verify I
mission success original as

prob~bi lity I 11 hold/74
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ý-NAIRE ON RELIABILITY PROGRAMS FOR NON ELECTRONIC DESIGNS

FAILURE RATE ANALYSIS/I EST/F IELD-1 MISCELLANEOUS
T'S ANLYI RA MEEATDTSTN ELIA8ILITY NOWTH PARTS SELECTION -DISTRIBUT ON USE CORRELAYIONS

SS.Develop n,%erational 0 "Suel", "I terms o k Re i b lt r

Poie(Cyril%, airPlant dipatci lam stm rom th
hours, temperature, rlaiiygot ako alr[Vibration) but do not Idate, o method-

peesrfilystest to ology

o Qualificaetion tests o Not ulmddubi-,us. 0 Recommends ivors.

failure was accelitra. test, Concept"
ted or damaeged before costs more slut oro-
i ts t ime by the tvst vi dit I tter results

Sful for olec- 0 Qualification test- o Valuable if it Can a Heart. of problem is'It an nd bai Ing of little 'alue be perfortied or, a thet wide variety of
ictules it since undertaetn too representative arti- idechanical devices
lied anyIronmnnt5 late in development cle and environments with unique applica- "accurately known cyc le are scaraLltely known tions . not sure if
t eyefcieo Sample silos for they 0an be Standard-

@dtailed conPo- development tests lred IS feT

roi environmental enlgineering Judgnifloot

Ilffective for unit o le~t results ti'ýed o Effective for comn-
Icomnponent a true- to establishi corec- monent. ond system
Iand moving tine actions movi nq parts

0 ortant for coin- o Qualification teits o Not routinely u sed o Growth curves o A standard Parts o Euponential distri- o Too many verlabI 0
Int/equipment rnutlnely requirea beacune of unc~rtain- specified by customer manual is maintained bution considered exist tki expect to

lign aspurance rto monitor reliabIli- ty of acceleration and propound tao by with approved fast- satisfactory cover them In one
ty growth factors the contractor eIenor, switches, handbook
I. relays, lights, etc,

ret case stress o0181 "aftmr the fact o Performed only on o Should not he a 156 satisfactory o Field MT11F Much 0 Reosecmeands laysien
Mimied for crit- teslling" Is ineppro- the most cricital needed it other exponential assump- lower thin predicted statistical tech-
items it part priate - used only If items at lowest levml analyses ar(, done tion generally has niques to reduce
I fatigue required uinder con. of assembly practical p'roperly little error tent time
1% used tract-new procedures o Daysien statistics o Moving part prob-required used for small sample lams usually design

o Test results ure Lill" or lot workmanship
periodically reviewed created
to nairify If tile
orignal assumptions
It Il hold

I " %111= ________RR__1V



SUMMARY OF RESPONSE TO QUESTIONNAIRE ON,

RESPONSE IMANAGEMENT
0OO SYSTEM CWIPONE TS PRAOGRAM4 fROICTION swss ASTRESS
67. loIvircinentol con- fliocellanoui compo- o Individual aystae/ o Uses MS8.Z/MSG-3 o Used in qualitative o Fo &LIcurSuSe

tofligiv, conterolnats ',;ontituting LRU reliabIliy re- anlyIs lo~gic for way to support 1NSG eidual strength
ldin ger, struc- referenced systems quirements based on rlibit anlis nddvlp ntal cak rcaatn

tures, etc*. operational impact m"aintenonce plan rate
reuirawment for
modifications bated

'j. on economic payback

Ga Ya (nks, tracked Tracks, tires, a Judicious applica- o 756 useless o Very effective at a Effectiva if per- 6
vehIcles, wheeled eges tanms- tion of g 785 ci cot M osti Infete all leVels If Per- formed probabilisti.

veicesiosaxe, tc efetiedue toil a fck ov@ formned by designers cally bt nut enoug I
o Relibilit rc thmiu of gonddt with reliability/ people uno how ind

o Reiaityre.net basedi on ddt maintainability do it kto
urablioty lifed far Personnel monitoring

major subsystems and effort
NTBMA o~ 1529 used

611. Attitude reference Gyros, copter coun- o 785 nint vtod but 0 Duane growth 0 Effect~ve in prior- o Imposed stressei a
*1systems, office ponainto fuch is oaper applicable modal did Weibull itizin areas with on piece parts comn- a

copiers, sonobuoy feeders, documen o ~ibl~ nalysis Iused high efifect~iccu;r- Pared witg calcula- to

* receiver systems handles, s ior t orsetc. requirements estab. o Predictions should lenc mat tsse tdsftynug
toa otes t lished in terms -if be superiteded by the0,

system level falilure 'fix effectiveness" 0
rato; reliability methodolngy onm,! hard 1
Control by qualifica- data becomes aal
tion test, growth ble through TAAF 0

monitohing and RIW effortsf

70. Wind tunnels, stems 1alves,; pamp, a NIASA lIHB 5300.4 oNo opinion - not a Excellent at all o iMandatory in G!
plnscmpeso Iles fi ttngs usled for reliability popiular for mno-of- levels for all typos almost all cjsqs

ptaion rtcI require- a-hind, extreme or equipmelit a
mens Jrllvoloped in environment Items a
terms of safety and
margin type testing b
o Analyses are qual- 

b

tat lye and used tc,
evaluate risk or do 0
tradeoff comparisons

?I 7. Wide range of toel. o Most 785 tasks are o Prediction& only o Effective hut high
counniaton eui-applicable tc both as good as Av~ilie h In cost

ment electronic and non. data fl?1 used
f. electronic systems

o Reliability
requirements eStab-
lilhed in terms of

mission success
Probability and fail-
ure ratel qualifica-
tion tests and growth
monitoring used to
ensure requirements --

H7iidraullc actuators, Flow 4o~rst tempor'- o 785 used but con. o Des1ign/material 0
IFuldic amplifiers, tare sensors sidered not cost Improvement is easy
logic devices effective for non. to sW without wait- 0

electronic units Iny Lime and money
o n u oUbtful number,

p.

... ... .. . Qj74I



TIONNAIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

FAILUaE RATE ANALYSIS/TEST/FIELD- MISCELLANCOUS
STRESS ANALYSIS IEST PROGRAM ACCELERATED TESTING .RLIAHfLITY GROWTH PARiTS SELECTION DIS TRISLITION USE CORRELATIONS ______N__ __

lo For structures use a Used for struct- o Rate of unscheduled o Assume constant o Reliability pro.
residual strength ures, fatigue, and removal versus hours failure rate d~istri- dictionSi seldom
crack propagat"?on ul timate yield are used and projec- bution for complex account for In-
rate strength ted for rnet calendar units 2/3 of time srvice eposur4 to

year accidemt~al environ-
Ment severity

vi Effective if per- o Tetting procedures o Not used due to o Test results used o Exponential dit.ri- o Correlations vary o Major breakthrough
formied probabilisti- based on durability intufficient correla- for Duane plot of bu t ion assumed for, widely due to test/ or fresh approach
Cally but not enough lite requirements and tion of test result~s data against growth rellahility, gener- f ied conditions and needed to improve
people know vow and confidence desiredi to nominal operation projection ally binomial for human factors mechanical reliabil-
do it truncated tests not al performance du rability failure ity

generally used rate o Out to variety in
o181 seldwomue d o Kolmegov-Smirmov appliuction ?actors
not applicable to tests checkfvalidity a suce llful data

noeetoi qi-of asiumed failure base and/or relia-
ment rates kility prodictilon

method does not
oxist

o Imposed %trosp.vn o Mlt.-STD-781 used a Very good if o TAAF combined with o Critical parts are o Field results o A handbook Is
on piece parts comi- and applicatbk* if applied early in sub- reliability prodic- s ubject to lot saump- demonstrate higher possible to provide
*pared with calcula- tailored to ineciicri- system test/analyze tion is the most ling control to reliability than *n- methodology and data
ted Waety margins Cal systems phase to probe for effective mouns to s pecified LYPni, AOQL house test and but methods should

u Stoiimiui sizes based weaknesses control cud Improve numerics analysis results be empirical and
oil cost collsidurd- u Safety margins for noeetoi qi-easy to apply
diomN critical onviluninents ment

o mO intvst illr- are (iteintfinild ijy
o oRodti-fl ro I tsjmpol - overstress test in
factulling

o Mandatory i11 QUA) lIf icgt 1011 tsts~t D UsoL only when other o Reliability pro-
al mu~t all nVap u sod tu unisure eli - motudmd/i or orion t ion ran cetrdo

ability requiremntmlls not available HA o l tIA
are lvtd subsystems and risk

Lmp'ois roia..assessment
bility program is
pieced Onl testingi to
assurel reliability in
e~trrniv 01101 rolmilots

o 7111 lint appuropriate 0 Constant failure a Peor field data o Mechanical compo-
-new procedures rate atoumed for c omparison rents of syvirms or.'

required treated as electron-
ic in application of
786 avd 7811

o 7611 usod a Useful, but can be o Constant failure o Experience Shows o Contractors judge
oI Iti-rnoi tunted until miseading rate assumed failure rate ar interpretaltlon riof
a 11fo-time of flying ?.10 times higher rules irelev An vs
huurs urn Accu mul ated than predicted nonrelevant fail-
III a simulpatedi flight ures) to pass
proil dist151ribution demonstration test

o Sample site is
dollar limited

75

e -.z".- 7%
iai~maavi~woagu~wvs;~e.,b 0,, 41f 4~'~~m



SUMMARY OF RESPONSE TO QUESTIONNAIRE ON RELI

RESPONSE MANAGEMENT
CODE SYSTEM COMPONENTS F ,O AM2It lOU PHA STR ESAN~YSjS TEAST
13. Hydraulics equipment, Pumps, actuators. o Mislion reliability o Used for prelimi- o Performed if under o Effettlve.Ie.i

eJoctton seats, turbines, valves evaluated by company nary design obJec- contract per 1629 at limited to safety
flight control developed computer- tlies systom level sensitive components
systems med model or probe lbilstic techniques Rel vely low"s"tllar to 7n'4 impact on product

similar to 7 rlibiitreliabilittya al~ntenanoe/logis-.,
tics reliability
utIlizes MTVF and

s MTSMA

74. B-1 structure, pro- Radar rotary joints o Re1,ability o Insufficient data- o Current FPA pro- a lcauie moat ale- o 781 used'
pulsion and con rol and pedestals, reourments estab- field service data tedures do not wants are standard- in system
systems, space shut- piping, thermal lishad in terms of is not returned to address fracture tied they are not o 781 needs
tle structure thermal disipators service life, failure doesign or reliability mchanics or continu- stress analyaed distributi
protection and con- rates and mission engineers um mechanical failure after being used tetsiog otrol systems; satel- success probability-.d$it ucs
itel iantemnil ebahisis in palla. c AF 66-1 end Navy modes with success adequate at

3-N do not provide thermal/fat
bill ty Cost 01 is on detailed data on analysistesting to require- nonelectronic itemsmints

75, Code metric reader, Notort, meters, fans. 0 Accpttesi
owr distribution cables, fil tracks, eria pr

:ox, air conditioning cameras, switches, 217 used
relays

76. MiSCellane4ous eoapon Controls, dispensers o Emphasis at this s 756 used is ore of a Only performed if u Accept/reJ
systems facIlity Is on the several tools for required under con- determined

Manufacturing aspects prediction tract of failures
Of 0ndustra *con- number of h
tracts - 75 nat used.

77. Nuclear weapons, tank Mechanical timers, o Reliability o Used to detemimne o Effective at higher a Efrective at part 0 Functional.
ammuluition tank baromntric sensing requirements are if design objectives levels level on metallic en ironmental
guns, artillery devices, pneumatic bused on user mission can be achieved o Performed only If items and plastics profiles den

4 shells Iogic Controls, etc. needs and system life s Effective if In- deemed beneficial to o Computer analyses for coaponeni
cycle requirements house data is availa- particular contract used for mechanical o lasts deas
end specified in ble strength of piece detect wea
terms of TB ti rarely tst
system end component is ure

a Qualification tests
and growth monitoring
used to assure re-
auirements rt metj

738. Wide range of mill- o 7858 Is gradually o Marginal effective- D Cost effective for a Essential - lspe-
tart electronic being phased Into ness due to problems directing further daCly for novel
systeas development contracts in transferability of relibility analysis designs or novel

historical data from and maintenance applications of
system to system planning existing designs

o NASTYAN used on

sIn critical struc-
tural designs

-- .- /WA---



IRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

FAILLME RATE ANALYSIS/TEST/FIELD- MISCELLANEOUS

YSIS TEST PROGRA.4 ACCELERATED TESTING RELIABILITY AROWTH PARTS SELECTION JISTRIBUTION USE CORRELATIONS COIIENTS

51 o Incorporated In o'Use standard parts a 78S good-preseats
S leety pro posed program s at m anual stlndardi l k ta ilo be

6 4 pon ints sy lte level and for 
selectivel y tai lored

major component&s

it eli. 0 781 used only with- o Not perfomed for 0 Only by federal a Constant failure o 785 sketchy line.
gandard- In system context nonelecteonics part n r ate assumed it does not include

lOt o 781 needs Welbull analytical and
,'Rod distibutin baed eperimental back-d istitn baled ground in mechanical'ued testbing coupled withr

adequate str ie 
b l

thermal/fatigue I RAUC NPRI used
analysis extenSively

a Accept/reject cr1- o Pertorm Increased o Use TCI PPSL-SC o Constant fallure o Field performance a When only small
terIa per 781 tellperatuPt and rate assumed - of a complex system ample lies Avail-

vibration tests mechanical components that meets 80% of able use fixed
are Aot a major part reliability predic- length test plans.
of systems tien or tisting is testin approxnite-

considered gool 1; 3X ?he minimu
4TBF

o Accept/reject o Constant failure o Raliabtilty predic- o A warranty provis-
deterlined by nuumber rate assumed tiona are better thin ion would be best In
of failures per actual performance 785
number of hours o Tost MTIF close to o Add 781 test to

field MT1F Increase cycling and
temperature extrmies
for springs, valves
and linkages

at part 0 rumntional And o Effective only for o Predict a reason. o Due to spirSe data o System level fault
allic environmental mission corrosion, overitreas able gruwth curve, In meager or non- tree analysis useful
e S t ic s p r o f i le s d o vo lqp e d m e ta l s t re ng th t e s t - t h a n t r a c k It b 4 1 6 4 a x is t in gd a l b an e , f o r p ro l1 . t n.. y
iaslysas for components Ing and the like on test data predictions aM e use- Informationloss - tests are
h nical 0 Tests designed to rlis-te
piece detect eiraout -
finite rurly test to fall. o Good corre'Ations
iysis ur e obtained between test

romilts end field •roi~

performiance

e *sIp- o Effictive for new o Useful managemest o Constant failure
;Val designs, especially technique for Cope rate assumed

aVl it component 'levl Stens-'mhasile
of ond perIy in the life T
igas cycle

onsI truc.

II,



SUMMARY OF RESPONSE TO QUESTIONNAIRE ON RELI

RESPONSE MANAK4SE NT
.... y.s.iY&.... COMPONiENTS PROGRAM PREDICTION PHE[A TEST L•L.... .J.•L

79, Rdar system Synchros, motors o 785 used and o Performed In &c- o lei used
applicable cordance with 16G9 applipabl

iI.ro

80. mmnition production Piece parts for a 785 used, and o 756 satisfactory c Perforiid if con- o Effective only for o 781 u--
linel, coneyors, al" referenced systems applicable - the o Uses computer fidence i aiesig cicl U ppichtionbl a , andi
lOgiC contr'ollers, tiftent, purpose, simulation of pro- nIt sdi
fluidics, packaging techniques, etc, ductton lines strength tpeha i*ca
lines are generally lpp- inaly pe

iscable across th o Data from previous analylis e!atIons
board tests used to deter- o £quip.e

mine Spares requirm" a d9 mnst
a Rellability mants and logistic omnua
requirements estab . or Mlmli'
lished in terms of Support costs e
system/component MTPF aorteon adalready pi_

81. Ground support Regulators valvs, o 786 Not used; uses o 766 satisfactory o Perfombd per KSC- a 781 not
equipment for space transdjicers, motors, OP 863 or JSC SW-C- execpt for difficulty STD-ll8(D) o Test p

huleetc. 0002 with operational oTs
enviro nmentl f a tors o Cost effective for designed n

inment" ' i dentifying critical expected
0 Cost effective for components or failure environdow
detrmfining if goals i ints
are attainable

82. Navy Sonar, fire Components unique o 785 used and o ?56 satisfactory o Performed per 1629 o Static and dynamic a 781 us
controll Waponan to listed systems applicable if tail. but of limited value analyses including appropria
Iluncher systems ored to address lad, 0 NAV6EA 'TIGER" NASIRAN vsed procedures

environment, stress ro rs urse fodyn l
analysis and derating p ogrmued for rdyinamcsenlst nddrltgsimulator% and ymamex I1_

o Reliability assessment Complex
requirements sitab-
lished in terms of
failure rates speci-
fled life/cyceis and
availability

83. Vehicles, landing o 785 adopted to c Maximum henefit o 781 app
craft programs - applicable for complox systtvmn required |*

with tailoring for comopl
o Reliability
requirements estab-
lished in terms of
system level failure
ratei Qualification
and growth monitoring
used to ensure that
requirements are mot

84. ,echanical equipment Gyros, slip rings, o ?85 not used but. 0 156 not used o Porforms a product o Required to iso- 01781 not
used in space craft bearings, springs, applicable when tail- l Perf. med but design Fq(A which late potential to spacevilves ored to specific i data also includes a •a- design problems - oTt

hardware sava M notable view of processes vary cost effecivet

o Internal documents very cost effective and materials mission
similar to 785 ore o A matrix form FMEA and incl
used to ensure sub- is used - very tarmous
contractor compliance effective and envi
o Requirements based profiles
on mission life and o Emphasi
mission succesa on Mail
probability level re

____ ___ ___ ___ ___ ___ /



ONNAIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

FAILURE RATE ANALYSIS/TEST/FIELD- MISCELLANEOUS
STRESS AkALVSIS TLST PROGRAM ACCELERATED TESTING RELIABILITY GROWrH PARTS SELECTION DISTRIBUTION USE CORRELATIONS COMMENTS

o 781 used and 0 Constant failure
applicable hut needs rate alumed
imiprovem•nt

Effective only for o 711 used. applica- o Growth projections o Field performance o Expanded effort
iitical application ble., and tdllured to are not revised corrtlate satitsfac- for nonelectronic
uses mechanical fit individual test - during development tory with analysis data base is needed
trUngt te sample sizes derivnd program unless a resultsatrenth type from economic consid- major requirementsilysis erations change his occurred

o Equipment must pass
a demonstration test
or manufatturer for-

vfelts remaining
portion of funds not
4iready paid

o 781 not used o Uses OP-864 which a A handbook with
"o Test procedures ae is a listinq of parts application examples
designed to duplicate with past U5ag1 would be helpful in

expected operational/ experience combining into one
envionointa proileSei#%a of documents

nnvironental profile the different pro-
cOdures currently
used

Static And dyrlurnlc u 0 1 used and o Performed effec- o Tailored TAAF for o Parts selection o Distribution It a Correlation o Handbook should
alyses tncludilig appropriate but new tive where results maturing equipment Procedures are unique defined by data base sufficiently good to strass tride.off of
STRAN ulod prucedures are rn- are clearly trans. used, especiafly to each design con- aid in locating derating; versus

quirod including latuhie during rly deploy- tr cti parts may be design, quality and risks
dynamic stressinG in nant and for high standard, preferred, maintenance problems o Data base for
cuMpleX loading reliabi•ity systems specially sclrtened, repir/human error

Setc. poor

o /I1 appropriat•. o Not effective o Constant failure
reouirud In contract too difficult to rate assumed
for complex systems extrapolate

Required to iso- a 7111 not applicable o Parts selection o Constant failure o Most problems are
te potential to %pace usage is limited to in rate norially not 'random' failures
Sign problem% - o Teit Procedures are "Approved Parts assumed . Weibull but are design prob-
ry cnst effective dTve lopedufrom List" contAinina considered in some lems, i.e. very poor

milsion requirements only parts whicn Cesta correlations
,and include simul- are qualified and
tienoius performance have a known failure
and anvironmental rate
profiles if possible

0 Emphasis is placed
on meeting system
level requirement

77
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SUMMARY OF RESPONSE TO QUESTIONNAIRE ON RELIABILI

RESPONSE MANAKtNENT
SYTMCOMPONENTS T O FMIE SIR[E& ANALYSIS T

as. Missile steeriny Gasihydraulic units a I8S mot uoed, not o 756 not used, not a Selectivaly applied a Performeod on a Testing proc
hydraulic and warm applicable applicable to mission critical safety critical desirned to do
ois subsystems Deig reies Prdcin used to subsystems, compo- hardware at the part metal Or intulat

qulfcto et aeiesas nents or parts level with statisti. degradation whi4i
qugandiato tcelertedetesreminetsp oares cal .imphatis (proba. causes field lot
testinli are the areis ing data which repro- bilistic 4anlysis) involstvisic
to concentrate re. snet% loadAinl. duty ivle

86. Refrigeration Cain. 0 Reliability programs a 788 it an exccl lent a Performed during a Computer Programs a 711 nt usedl
pressor$, condensers, invoked only when bass-ay have to be initial design In usd f r frome famel reIlebil I
Ievaporators, valves, specifically reouiirad tail ored for somet accordante wi th NIL- structural stress testing not part,
switc hos, etc by contract contracts SYD-1643 Analysis

o 785 applicable, o Strais analysis
tailored to f It each results compared
contract with safety factor

desired - redesign
to reach desired
safety margins

11?. All aircraft systtsvs All associated Com- o 786 used &And o 186 osed and saits- o Performed at part a ?81 not used
ponent IPurchased applicable factory at every design not applicable

fro suconracorseffort in accordance (proposed) is a.ramd supplie actrs Reliability Us Ves fielded pro with internal oroctd. reasonable start%ndtplot requirements spqci- duct data Of Company urts Compatible with needs nuch moreo
fied in terms of and comnpetitor pro- ARP-926 and 1029A
MT8UR and mission ducts

sucs robebilityl o 0dcind '% Currenti the mostt
suppliers Must SPY Py fo ran, ot vfee V tech-

fe sprtuntiul sa fonrd ique Available for
freeqsparment un mti studies and system desg anxalysis at

reuiemnt ae et valuiation alllvl

Be. mechanical remote Push-pull cable a 188 applicable a ?88 not satisfac- 0 Petarnwd only if a Operational/e
controls for military asse6blies, rolling a eIablt tory -reliability required under tori. estvabi~sh rt
and coimmercial air. friction control Rilblt a1 rdictions not tract etbihdP

pinion gear boxes fied in termos ofacodnewt%ystan level failure dctail Part's Permits acrac i
rate, qualificationi analysis of every o Equipment per
tests and RIW used to part in assembly a inca requi rement
ensure requiromments very cost effective must be met th
aer net out and a un

of sImulated Ii
testing

Bn. Aircraft systems a 18b used and appli, o 780 not. sattisf . o Strest derutingil o 781 ippropria
cable torly used to as sure fail and used as a

o Rliailiy oPreictonsaresafe design to modify tests
.1' ~~~requirements *stab. optimistic and do notpatulrie

lished in tenms of include workeelsumip o Economics and
141SF or MIRKA& re. or design ef icien. SciiedUling det

liaiity growth cies test samp les
oMI ta .Itorig used to u aa4yesian met

ensure requireiment% used t salare lilt r oelaiitybf
results

90. Sp~ace and undersea Pumps, fans, motors, o 188 used and i-pl- o Predictions used to o Performed as part o Cost effective, and a P81 not used.
life support equip. valves, actuators, cable determine if require- of every design oenerelly a necesi. aQaifcto
waet and hydraulic batteries, etc, oeialty Mints have been mit- effort in accordance ?ty use ova Ifnsure~
rocket ingines re quirements estab. change design until with 1629a AC oiecrncqre nsae

linhed in terms of ga is met via oVital at both sys. Reliability Notebook
system level failure redundancy, Component *tem and comeponent especially useful
rate, safety and Improve~ment, etc. level
mission sudress
probability

_____ ______ _ ___-_____--_________ ______6



kJRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

FAILURE RATE ANALY51S/TEST/FIELO- MISCELLANEOUS
VSIS TEST PROGRAM ACCELERATED TESTING RELIABILITY GROWTH PARTS SELECTION DISTRIBUTION USE CORRELATIONS COWW TS

6d o a e"In prcedres Pefor oveloa, 0Sufficient Infer.
oticl dlird todetct ixtndedlimts nd ation exists but Is

tai stprie. degradation which tes ishnbowul
.(po,& casesfitld lossi hl

si~lyuis) no statistics
involved o FENA, Reliability

Prediction and
Stress Analysis are
cost ineffective
often duplication of
effort exists

programs 0 711 not sued a OeWiN englinear, o Field performance a Vendor informnation
fame foeal rerliibilt in contact with Po- MTBF 2-3 times better is the most reliable
~1Stress testing not performed tential vendors than analysis source for predic-

specifies cuI tions - whon vendors
nei5lylis parti; to be tused for will cooperate
hared Major eompiflents a Field Informnation~
Y~ factor from the Armeed Sar-
Iredesign vice% needs to be
desired fed back to subcon-

ins tractor level where

it is needed

0781 not used and o Monitor% in-seirvice o Internal Procedures o Consttanit failure o Primarily needi
n~tuApplicable - 781D pe rformance according used by standards rate usually assumed failure rate imfor-
(pr posed) is a to anticipated in- group nation
reasonable start but prc'vament and take
neeads much more wourk c orrdctive action

when progress Is not
sa tisfactory in bothdispatch reliubility
and M TOUR

0 000ritiOnulfenni. o Individual arccler- o All materials to o Constant failure o Field reliability a A compilation of
rnemnojtal profiles uted tents are tail- military or industri- rate aessnued wall beyond predic. the material typi-
establisheid prior to ored to comiplete aI specifications tions -specified caly uved In deter-

testng sualy i tets il rlisolabe environments are not mininig reliability
tesic dnce uwuth i10 tiest withu produbce inditlitive of actual would simplify the
t)accrdne wth Perorm timgetwimetaot lridc field usage task in firns not in
61C requipovu ntefr-i n defetriena a position to estab-
must be meit throuqh. Is eiblt

ouAnti atu oh mplvtio, eatet

of Simiulated lifedertnv
testiitir

dortin 0 Bi aprpiate a Company preferred o Constant failure o Predict ions are
assure fail- and used as A guide parts manual rate as~sumed genetelly optimistic

peto cla d itm don't include work-
P~r C emýmanship or design
o Erouemic enddeficiencies

* 5~1edulln? deternine c, Test results/field
test ýimp III use correlations good
o BayesIan methods If all laboratory
used to establish failures relevant
reliability from tust and moonre levenit) aer

resultscounted

(ftictve and o 781 not used o Acceleration factor oFittings fatn a Constant failure o Not enouigh fielidJ
anecess- o Qualification tents of cycle rate used eml, etc are selec- rate usually assumed expertesc recorded

used to ellsure r" which does not usual- ted from ttandard to verify the very
I electronic. qairesnent% are mt ly affect failure parts list high reliability
ty Notebook mechani-ie requmirements

Ii useful n Highly Cost effic-
tive if acceleration
parameteirs and
rectors are well

_______________________ ___________________________________



SUMMARY OF RESPONSE TO OUESTIONAIRE ON .

RESPONSE MANAGEMENT PREDICTION . MIA STRSS A LSA L'

91. "VAC Pneuimtic relays, a No experience with o 756 not used a Not performed
temperature trans. 785 o u be uniqueness of
itter$ controllers d Inihouse dat e Sta desn

+ controllers, o Reliability used primarily revensP EA from

I. L ishad in terms of ging effective ;

'ystom level failure
t, ratel qualification

I,, tests performed to ,V + nlUre requirelments•iamt•
are met

92. Amewment s tems - Fuxes, explosive 0 786 used, &pplic- 0 166 useds.1tisfac- 0 Performed aS a part
tanks, artillery, trains, hydraulic Ible tory of every design
mortar Cmponents o Reliability u Worth the effort effort; always worth

requirements estab- if done properly, but the money
lished in terms of can be difficult for
failure rate; quell- nonelectronic devices
fi cation test and
growth monitoring o Published data must
uNed to ensure be supported or
requirements are met modified by validdata from 6.l(:,,l

tests

93, Aircraft procurement a 785 called out in o 756 can be sotis- o Specified is part
In general all programs factory with tailor- of every design

u 785 applicable, ing offortl hqwevor,
cannot separate o Prediction is only requirament Oets
electronic and non. as good as the in- t hhrd ofelectronic |t111 datal need more

feedback into GIDEPto verify reports

94. Radar Antennas, a 785 used, applic- a 756 used but not

)eiltallS. gun sy- able slatisfactory

launchers a Reliability
requirements estab-
lished In terms of
failure ratel incen-
tives for meeting
numerical require-
ments

95. Sonars. missiles, Winches and hoists. a 785 used, appli- o 756 used, applic- o Performed as part c Mechanical and
shihps ransducers, pro- cable able If every design thermal stress

pulsion units o Reliability goals a Predictions good Iffort using 629 analyses perfumed
specified by MTSF; if used in conjunc- with top down ap-
qualification tests tion with stress proach
and growth monitoring analysis

used to ensure a 2 used id good
requirements are met

96. Aircraft FIREX Pneumatic regulators, a 785 not used but O 756 atitsfactory 0 Performed if o Absolutely Olson-
sytto$s fire extingul$her considered applicable 0 Predictions provide required under con- tiall starts at

containers for air. oelibility confidence the design tract pilec part levelc:raft. pressure c(fittings) forrequirements speol- will meet contractual o Helps to fully
gauges, pressure fled in tvrms of oys- obligation understand wieknosses pressure vassals
vensels, pressure tam level failure in the componentstwt h%-IK'O * rtes; contrl felr o Published f tlure before manufacturingSwitches, leplosive ratesI contrul dta'etre nr-bgn
cartridge through testing to ata inquires inter- befen u

meet sptcific numu'ri pi'otatiun to apply
cal requirements or to specific use and
Isl not actepted derea iny

Y f I/1



ITIONAIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

FAILURE RATE ANALYSIS/TEST/FIELD- MIS( "US
SRESS ANALYSIS TEST PROGRAM ACCELERATED TESTING RELIABILITY •ROWTH,,, PARTS SELECTION OISTR|BUTION USE CORRELATIONS CC -

.. No experience with o Accelerated cycle, o Results of vendor o Constant failure a Handbook It-
781 stress, and environ- component quilifica- rate aSSured Ify groups of po-
o Laboratory roll- mental testing per. tion testing ducts in similar

ability adjusted to formed ications would
flied life by detor. o iost cnst effective he
minIng in aCceler- method when analyzing
ation factor baled nonelectronic designs
on previpus testing Where physical wear
of similar type pro- characteristics are
ducts and usage en. a determining factor
vironment for component life

0 781 used And up- o Risults are never o Predictions of ul- o Constant failure o Analysis are
prelate whon wear conclusive - probab. timate reliability rate assumed usually optimistic in
does not become a ly a waste of are made, Based on o mparlson to field
factor resoureis planned reliability perfonmance testlngI

781 needs growth totti, mile. often consistent with
meoti more flsxibili Stone$s are Iltab- field results
6te and consideration listhd, Major tests
ot nnnconstent failo are conducted at
uf tante ithese milestones to

are rate easure growth

o Bayesian approaches

used for small simple

o MiL-STD-l ffwith o Actual field per- a Strong proponent
help from TISC formance Is 1/3 to of CERT to

112 of the predicted 
Iupected Ieraional

rate enviro1nen n
o Prediction and test
results are closely
correlated

o 781 not used, not o Company preferred
applicable parLs list
o Test under worst
operational and
envitrocunental con-
ditions
o TAAF testing used

0 Mechanical antl 701C used but not o Constant failure
themal stress appropriate - new rate assumed
analyses peeformpd procedures required

o Laboratory test
results divided by
2 to estimate field
rollbility

0 Absolutely e#unn- o Accelerated Aging o Use standard hard. o Constant failure o Inherent desigii
tial; itorts at for leakaqe rate ware - parts and rate snsumed reliability Is Pre-
pie part level determination per- a6sseiblios that have 5i,'vcd dung pro-
(fittings) fur formed had quallficatinn ductlon by scrupu.
preSsure ensels@ 0 Helpful if acceler- tests on other Pro- lout ttention to

ation is meaningful grairs tolerances

In real weorld, e.g,,
hot and cold excur-
sions of environment
for accelerated aging6 - - -- ---- -
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SUMMARY OF RESPONSE TO QUESTIONAIRE ON RELI

R50TkNSE "DTN ATSSN5
|t Jet 6004hes Jet anot comp o 785 used, applita. a 756 unsatisfactory n cost 0 76V

hbie Rellbi p tredio- onffesivefol ,control should.

t systems where effects covero Reliability tIlo mre stonglf are not obvious in diStriresuiresents estab= rooted in available tC•i¢ Ihtl ~ ~
1,shed in tirme of dat bccordance with 1et0 Sccols
Safety, syste 1evelf IUI Uri raes and 0 M~iss

mission succesl pat'

trobabillitý relias 
i•cslwdilt ytl control by prot 11.

growth monitoring propos

89 Antenna and solar a 785 applicable and 0 716 unsatisfactory a performed • o• If 711

panel deployment cost effective w INt *ffoti e if baled required by contract £PPlOPmehintoi ailr properly tailorerl on afltv :fRsdT•uPdby€nrc
cohcitiOn!rola hind safety margins AwlK. o trils/strainf ?I

held pows tools Irquired life data or fttogue fa .Uri'le hnr lid II t & dGa ol to .
o Reliability adeque
reouiremlents marginal
ftid In termS -,"NTIP and probability
Of milSion accos-
plishment

99. Satellites Satellite Subsyste"s a Suspects 785 would 0 Quaili
and assemblies need som rather for sate

violent taiiloring/ levels
modification case 0

o Reliability
requireomnts speci-
fied in term% of
Mean Misstion Duration
and NTBFi reliability
Control by 100l
simple testing and
on-orbit performan•e

-..... ... ..______ ncentives .,
100. Antennae, attitude Components of o 785 program o Poor effectivnetsil o Performed In o Good effective- o 781 no

€ontrol aubSylsteml, referenced system•s reqiiirmnts used on stress/strength accordance with n1ssi define mirgins Appropr'
solar array boas both electronic and assumed distributions AAP-926, MIL.STD-1543 of each part
propulsion subsysmtem noneloctponic gear is comaon model and SAMSO4STO I'M a Major method used

most control and o Reliability predic. for spiaCcraftl depth to date
ainalysis tasks could ti~ is fe unc or fntonspc gear
apply to any sort of tion of in a function of

taiono ei vaneI mitsion criticility
tions in radius,
finish, ete.
0 217 data used

101. Solar panels, deploy- Honey comb metal, o 785 used; applica- o 756 satisfactory o Not performed o 781 rnotmet mechanisms valves, lines btr end cost effec- appropria
reaction control tint when appropri- a NIL-ST
systems, structures ately tailored I

o Rlliability re- tax dil.
quirements Specified space cra

In tems of safity, develop
failure rates and enviro
mission accomplish- files
ment probabilityl
control by acceptance
tests And continuousmonitori.ng ....... _ ____________

10, Sppac launch Components of refer- o MIL-STD-1543 used 0 716 used, satisfac- 0 Performed As part o7'81 us
vehicles, missile$ enced systems mostly for reliabill- tory of every d0ltn Appropr

ty programo Very good for elec. effort per 16431 very a Extensi
o Reliability tronic equipment with cost effyctive to cation te

d ~ dentfy ises togram andrequirimenti speci- prescribed quo sfl- mnd resources for control afled In terms of abi operating envi - aI typos of equip- ensure resafety and Identifi- ronments, lets ben- mont.
cation and mitigra- fit to nonelectronic,
tion of single puint cyclic, low usage
failures by FMEA equipment
0 7855 Is a very good
tailorable document

1,1___________so_



E ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

FAILURE RATE ANALYSIS/TEST/FIELD- M4SCELLAMEOUS
p V TEST PROGRAK ACCELERATED TESTING RELIAgILITY ORTH PARTS SELECTION DISTRIBUTION USE CORRELATIONS .. ..CONK NI.S

0 761 not usedi Ito 0 Accelerated Misslion a Component Improve-' a Constant failure o Correlations be. o Maintenarce inter.
should be expmndedOto TRting for engine Ment ýrogram impact rate not assumed tween predictions and vait are chosen for
cover nonyexponontial hot $action rts is an re I& ilt is test results are poor engines to optimize
distributions and used to a tIlbIsh as Sesd end fture o Use Wetbull paper; ue to
Accelerated Mission durability eliability drowth is d dt e engine not .

stigl Jstijve data bitf engine dnd ple tnd other paruma
TespandroJ feld de- reliblity test engine design, etersTe~~ting o Effect ve on our&-.~ oftl semtnse~ n
o Mission analysis bility limited parts Pmaintenance And A handbook with
performed to develop environment sectiont by industry

n I ior equipment typel
profilel part life Is is possible
proportional to cycle
accumulation

0 761 not used, not 0 Perform Increased a Not effective un- a Non parametric, o Correlation goner- o A sit of manuals
appropriate duty cycle tests with less Item In vary Poiss normal or ally lood except for would be necessary

0 Tests are run to Artificial cooling complicated binramia distribution qusoi y problems and for reliabilitT Pro-
failure when practl- assumed depending on where enviroreent was grams for nomel - ,c-

CAl to alssure it"S not adequately tronic designs
adequate Safety considered
margins

ioQualification tests o Hihr cycling I Seldom performedl o Convtant Failu,'e o Proliferation of
r stelllite are at rates and elevyaed not seen as germane rate not allumedi standardS tends to

levels above worst temperature tests or productive r curve unknown but reSate Confusion mot
C rte predicted performnd ni-.of.a-kind or very distinctly nnvlinear prcision

few of a kind items both is qualIfication o tam/ublystm
and acceptance tout- onvirooments defined
ing by MIL-STD-1640AO

m•oving mechanical

assembliel per
DOO-A-.1357A

tire. 0 78l not used, not a Use accelerated a Satellite growth is 0 Constant failure o Major source of a Handbook useful to
margins appropriate cycle rite difficult to define rate assumed problems is with standardize saftey

0 Qustlnlb~ le isl~li~y o hterprottiton of factor terms ted
00d used effectivenfss-good measure due to few MTeF, MTOPA dgirt1 itre15/strenqth

if simpl Accelerate snd long lies tion

i cycle%, gut often the

I ceelfration factoer$
Iro not known

o 781 not ased, not o Not performed; a Growth requiremei•ts a Constant failurw o Arialytical results a OlD's effective;
,ppropriate there vas been no In- specified in ground/ rate assumed very conservetive Identify exactly how

MIL.STO.l540 in. depth correlation air/sea user -egnients compared to actual the contractor will
iled in All black between 4cceleruted but not in space field performnce be'onitord

"$oiei craft use to
develop operational/
envircamentsl pro-
files

o 781 used but not 0 Nonelectronic
appropriate equipfent is sensi-

tive to actual use
caixtensliv qualrfi. environmrit (WeatalW
gation testing pro. neglect, poor mainte-
gr ol end process mnece) versus design
Contrel used to sconarlos which
Insure rl ty adversely effects

analysis and field
use correlations

____________ ________1....~..~...... _____ ___



SUMMARY OF RESPONSE TO QUESTIONAIRE ON REL

RESPONSE M .. NflIET
CODE SYSTE14 CONPONENTS PROGRAJ4 PREDICTION FNEA ATRES ANALYSIS_

103. Propulsion systems Inertial guidance o 785 used and o 756 used and o Performed as part o Cost effective; a
Components applicable satisfactory of every design can locate over- me

oRe lability o Important and cost effort; extremely Stressed components 0
raculMons seci efeciveat omp. mposrtant and cost and Should be coord-

fqiremeInters ofped- lefivel atr co% po effective at all ifuted with designer MeMIS
fledIn erm of entlevl fo deignlevels to establish

system level failure alternatives and as critical failures t
rates and elation comparison to other that begin at compo. cat
accompliashment Probe- similar systems sent level end prop&-
bility o 217C and GIDEP used gate through system

104. Explosive ordnance, Explosive transfer o 785 not used and a 756 unsatisfactory o Very useful o
emergency esCape lines, initiators, mot applicable perforined Ifrqie at
sysntems, energy bolts, cord o Reliability under contrac re
tranfer systems requirements spoci- 0

tied in terms of tel
mission accomplish-re
ment probability;
controlled by quell-
fication tests to
meet specific numeri-
cal requirements

105. Turbo machinery, Pumps, valIves, gear- o 785 applicable and a 7Hd Satisfactory o Performsed as part o Very coot effec- 0
hydraulic and pneu- boxes, ga t urb iont, used;l requirements a Good for bell park offevery design tive when operating not
matic systems, struc- rsgulutorsj~mechani- taillored depending estimates and for effort for, comptring environmeents are 1e
tures, mechanicalI cal linkages, actuaa Upon crtcl h,. determingth reliabilities of well difined and guil
drives, flight con- tors, structural cost, state-of-the, imp~ mnin theqie alternate svflem results are Verified env
t rols, fuel systems, members, reservoirs art with 785 Used ~ movm existi reui ed in rtocm-b etbovermt exsiaitm eins for wacmrebytslanding and arresting and Accumulators shopping list to motrellibtai~ty nns andlub fshorin hegear goalstoulsoin

106. Process systems fur Process system co'wo- n 785 applicable and a 756 unsatisfactory o Performned As part o Stress/strength
nuclear power nanits for, nuclear used indirectly of every design reliability models
stations power stations o Reliability rt. effort with 16219 used for critical

quiemntsspcifedtailored to nuclear items erthquake
in terms of safety, nusr
system level failure
rates and mission
"accnpl isiwnent proba-
bility; controlled by
qualification tests
to moet a numerical
requirement or not

_________________accepted

10). Missiles Missile comiponents o 785 can be cost o 756 unsatisfactory; a Recoeneanded as part o Vital durin 0
effective with addi- too sketchy to be of of every desigii design phase ?o NIL
tional specific any value, needs efr; efondin etec oeta
requirements revision to Include accordance with 1029 problem areas and 0

o Rlibilty reliability block o ia uigdiinpermit remedial r
Q Relabiity diagramns and redlun- phViase to rig etec pg design changes i

requirements speci- dPadavsea ten oa prbet ae as fa
find in terms f Sys a.sc is en polm ra
tern level " falre iyeqain and to permit remedi- e
rates and mission o Useful for compar- .1 design changes e
accomnplishmnent proba- Ing alternat Ives and m
bility; controlled by estabIsh in g spare s ab
testi ng to meet nu- requirements t

- nefrica 1requiremnts.
108. Elactromechanical Drive motors, slip- o 1US not used and o 756 satisfactory; o Performed If re- a Necessary to 0

devices for space/ rings, actuators not applicable; not nonelectronic section quIred under contract assure adequate sI
Satellite applica- an effective program should be euPAnded per 1$43 design marqins u
tions such at, nolar document o Good meant of sarray drive assem- o Reliability re. quickly Identifying qu
blies, gimbals. quiremntst specified ConiPoOIIt% that are pa
antenna drive mecha- In terms of safety, single point failures
nism%, etc, system level failiure

rates and mission
aUcompl ishmant proba-

* bility; controlled by

te6.n to meet lu-

... ... .. .. .. ... /



AIRE ON RELIABILITY PRlOGRIAMS FOR NONELECTRONIC DESIGNS

FAILURE RATE ANALYSIS/TEST/FIELD- MISCELLANEOUS
ESS ANALYSIS TEST PROGRAMI ACCELERATEU TESTING RELIABILITY GN0ýh PARTS SELECTION DISTRIBUTION USE CORRELATIONS COMMENTS
.I t effective; o 781 used. no0 com- o May or may not be a Reliability demon- o PPSL books used o Conitant failure a No experience with o Series reliability
locate over. ment on application effective depending strettion tests used rate assumed analysis to field models used for
tied components ., oniliue ad accuracy of simnu- to monitor qrowth correlations; 34 logistics support,
SNhould be coord- s laio year ifence be- rdnatmdl o
adwith designer sequences of environ- ato a Colt affective ifyerdifrn eudatm elfo

ments aare given to a Increaed tttietre remany copies tweell dr.sign and mission
t tst labs for appli - or aLcceler-Ateds enti-m ofthet elseie component operation% o A handbook similar
Cation during test ronnient testing used being produced o Test and field to 217 should bit

when only small correlation not good prepared for non-
sample siles are due to different electronic Parts
availatle definitions of fail-

ures

o 7111 not appropri- 0 Used Aod effective o Selection and sur- a Constant fat lure D All correlations a The entire area of
still new procedures occasionally veillance rules rate assumed inadequate single funtton
requli red utillized ( onetime) systens it

It Lt aceptncuinadequately
teasts used to confirmadrse

* reliability pvogress

ycoil effec. o 781 not usied and o Performed in early a Helpful for, projec- o Preferred Parts o Correlations not a Failure repovitting
,whom operating not aippropriate; test prototype testing ting expected relia- Lists utilized made; testing ts to systems with closed
mmantos are levels are UK as phase b Ilty to be attained identify and fin loop corrective
-defined and guidelines but actual aer cot fetieat future date! must problems actiun renoired anti
lts are verified Pennirorunenti should in devlcopmet phaset be accompanied by Continuous produic-

sit be known, test plan& e AA ov SytmlvlpI tion line monitoring
aetoo itngh for to uncover inherent TAFd ctisos, tests, and sdt oio n

hith MtH rcomuort design weakness; field results appear 'ensure reliability
crnuo operaitng tillsIIOilo to be closes

enni ronme ut knowledge
Is necessary

is/strenrith o Planned reliability o In geealaay general recap-
bility models growth Is net Incl- Sits and fiedrslsiodflr et
fir critical ded in prograili; if correlate well, but bae% of nonelectron-

I earthquake failures occur the the human factor is ic equipment would
is) cause% are studied not alweys predicta- be most useful;

and a remedy ble similar to IEEE STiI

attemopted 500.1977

&I during oI Ritacupimud NUIC %nod u 115011 whner prncti t o 0Iunne Plot ut il- o We thu 1 d tstr hu- o ahnIlretl.l-
phase to MIL-SlID-202 calI ized; straight line tlon used fur conpo- hility failurn rul,'s
tpotiontia 1 i 0111ocuuano log-log i'anar* rents subject to are at the level

eat areas Anil o e rcdrswearout electronic parts
t remedial rouqo rod for wear nut were- ii, l19W; sol-

changes I esests truckinq, Air-
o Lootrornmentul Pi Mi sin~ad food pro-
factors and Arrheniosý cessing firms must

equat ions used to have info o00 broak-

esitmate field reli- down and relpaIr
ability from lihura- chrarcterist ir:s
tory test results

story to 0 101l'lot useiqd o 1igher cyclic rate 0i Not ValIId fo,- or lstrlctwd uisp of o constaint failure o Slipringts perform D PRecomoonnds award

adenluate soIil u r Procedures (RPM) taott, pnrfronvd programs that 011lY AI m au u~rla~Ilk try *s rate, assumed 100. x better than incentives t or reli -

oeiliv used for, running buan nI )r il of a th Moul attrl al predicted Industrial Ability and ou,11 hr.
sor lift, tests to urant always fat rt,' rates, not Just cost antit

qnunalf oeetoi valldly accelerate typle of hardusjrp LWu Q'l'vlw schedule
qualif noee o tc te actual railure o A handbook iltir

partS o'uJ1e0416 or Interest Ini27)I neelb

a rusnobie ~menonelectronic coervun.
mnot rpliabillll
predictitons

--------.-. --. *.*.~. -81



SUMMARY OF RESPONSE TO QUESTIONAIRE ON RELI

RESPONSE MANAGEMENT
cotSYSTEM COMPONENTS PRGA PREDICTION PitA .JfISJ. ALYSISI. .. iI

100. Tracked military Track, road wheels, o 7686 used and o 756 not generally a Performed if 0 Pefformed by 0 781
vehicle systems roadwheol arms, applicable used, not satisfac- required under con. ODsign nrgineerring; a ropi

torsion bars bear- a Reliability tory tract per l169 eore stress nalyse s prcedu
ngs, hydraulic should be perforoed

valves, diesel requirements are a Prediction is a Useful to identify
engines, mechanicl specified in terms of copared to the roll- reliability critical
cont , n system level failure ability allocation camponents and safety
missios, garbxes rateso mission accom. for differences; hatards - this offort
missions, geer boes splisiment and aval&e- should be required should be required

bility; control by
testing to meet
numerical require.
ments

110. Missiles, spacecraft Actuators, propulsion o 765 used and appli. 0 ?66 satisfactory, o Performed as part 0 Stress versus 0 781 us
components, etc. cable; adjustments used for approximate of every design streth analysis eve I I

required to models, constant failure effort per 16 9 and effeelve ?or seimp- as long
testing and other rates reference SAC pro- 'r mechanis rate dis
sub-dIsciplines cedures is not r
o Reliability re- differmn
oireme1tst are stint ovaWirements are tpecd- lifefid in terms of MTBF

and mission accom-
plishment probabili.
tyi control by test
to nuinrical require.
,ments ... .. .. . ... . .._

111, AWACS, generators Switches, relays, o 785 not used, not a 756 unsatisfactory o Performed According o Sometimes useful;
connectors PC 's, applicable to customer'3 wishes only cost effectivefor %Pacific
IC. sockets. etc, o Reliability troublrsp c omfi o-

requi•ements speci- nouesfied in terms of
"systI level failure
rates and missionaccuiplitsiment
probeb ility

112, Ilecto-mechanicel Pyrotechnically o 786 used a Performed as part o Not directly a Extreme
systems such as spin actuated day i cest- oel of every design applicable unless mints and
systems suca et use- iquid propeln o lab1ty effort; fault Mode you consider Frec. testing c,
tors, I near drive devices, valves, rquirements spoe- failure Trest are ture Mechanics as an extrapOla
systems, spacecraft regulators broken down on matrix equivalent to ladjust.
orbital injection safety and redundancy sheets hich cross- results I
modules to eliminate single reference the proven- field reol

point failure probe- tive measures to be
bility, control by parfomed
test to meet numeri-
cal requirements

82
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AIRE ON RELIABILITY PROGRAMS FOR NONELECTRONIC DESIGNS

FAILURE RATE ANALYSIS/TEST/FIELD MISCELLANEOUS
AKL Y5 15.. TEST PROGRAM . ACCELERATED TESTING RPLIANILITY GROWTH PARTS SELECTION DISTRIBUTION USE CORRELATIONS COIINTS

!greed by a 781 mot used, not 0 Not performedi not o Plamnnd growth must o Wieibull distribu- o Receive practically o DoeAIon function
rllngineeringis appropriate. new enough is known about ultimately meet tion assumned no informition on has Practically no
gress analyss procedures r5(i~iiId the relationship requirmefltil Duane actual field perform. contact wI th :roduc-
lfbe performed between accelerated curves are used to once but prediction tion; should

testig end normal project growth at correlateas mall with corrected
Sericesystem level test program experi.

ence

111 versus o 7'81 used at system o Useful for parom- o Performed on mewer o Uses a restricted o Constant failure o Field performance o Most electronics
h inanlysis loench appropriate :tars like fatigue systems; used only list -not colopre. rate assumed wi th usually measured in based methods can be
V#e for simp- as losn as failure and wearovit for monitoring hensive so"j exceptions different terms than used for nonelec-
lisenaisms rate distribution purposes predicted performance tronic componentsl

Is not radically -where this has been lack of an adequate
4different from con- unscrambled correla- data base hinders

stunt over useful tion has been good the ate of more
life sophisticated models

,I~mes usefull; o nly cost effective o Use test results o No formalifed parts o Constant failure o A handbook is
lit effective for specific trouble- (such as life test) Selecinpoeue;rt sue;n badly needed; the
lilific some components to develop relia. t is is n area of other alternatives RODl and other Such
110ne Compo. bility growth curves particular weakness teats dlon,'t really

t hro ughout Industry/ cover "nonalec.
military tron ics"

irectl y 0 Extreme environ. o Tests such en o Used only as uppli. o Constant failure
ble unlesI ments And accelerated bearings run at, cable through inher- rate Assumed In
older Frac- testing coupled with higher s;:eeds thin ent hardware design margins testing
ahanict as an entrapolatlon is used that intended In improvement from pant
Int to Adjust lub test flight projects

*resultsne iiig tv fatno effect,#i tn
field rluiity tion Is paid to

failure nodes either
Induced or precluded
by test aIcceleration



APPENDIX D

GENERIC PRODUCT SUMMARY
OF YES/NO RESPONSES
TO QUESTIONNAIRe ON

RELIABILITY PROGRAMS FOR

NONELECTRONIC DESIGNS
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